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In preparing a Second Edition of ' Practical Hydranlics ' oonsi- 
derable alterations and additions have been made. To fisicilitate 
reference, the work has been divided into Chapters ; additional 
Eules for Culverts and other subjects have been given, including 
several new Tables, and an increased number of Illustrations. 
These alterations were so considerable, that it was found neces- 
sary to re-write the whole, and thus opportunity was given to 
introduce much now and valuable information, which, it is 
hoped, will increase the usefulness of the work, 

Batb, Julyy 1870. 
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Thb reader must not expect, in this little book, an exhaustive 
treatise on Hydraulics ; many such have been written, and they 
leave little or nothing to be desired. This work consists of 
a series of Eules and Tables, giving unusual facility for the 
solution of questions which occur in the daily practice of 
Engineers. 

For the two leading qiicstions — the Discharge of Pipes, and 
of Open Channels — two sets of Tables are given, the reason for 



VI PREFACE. 

wUch may not be obvious ; but it is impossible to give Tablo& 
combining extreme facility with extreme accuracy for low heads, 
and the author has therefore given two Tables, one giving accu- 
rate results in aU ordinary cases with the least possible labour, 
and the other giving, with more labour, exact results in extreme 
cases. . ^ 

For the most part the Bules and Tables have been long used 
in an extensive practice, and the principal reason for publishing 
them is the author's desire that the profession from which he 
has retired may have the benefit '^f Tables, &C., which for many 
years have been very useful to himsel£ 

July^ 18G7. 
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CHAPTER I. 

DISOHABOE OF AFEBTURES, PIPES, &0. 

(1.) " Velocity of Efflux" — The velocity with which water 
issues from the side of a vessel, as at A, Fig. 1, is the same as 
that of a body fjedling freely by gravity from the height H, or 
the distance from the centre of the orifice to the surface of the 
water. This velocity is given by the rule : — 

V = V H X 8 

In which H = the height or head of water in feet, and V = the 
velocity in feet per second. From this we may obtain another 
rule giving the discharge in gallons, which becomes : — 

G = VHX <?X 16-3 

In which H = the head of water in feet, d = the diameter of 
the orifice in inches, and G = gallons discharged per minute. 
Table 1 has been calculated by this rule. 

These rules give the thtorettcal velocity and discharge ; for 
application to practice, thoy may require some modification to 
adapt them to the particular form of the orifice. 

(2.) " Discharge hy an Orifice in a l%in Plate" — It has been 
found by experiment that, when the discharging orifice is made 
in a thin plate, the converging currents of water approaching 
the aperture cause a contraction in the issuing stream, so that 
instead of a parallel or cylindrical jet, it becomes a conical one 
of the form shown by Fig. 2, the greatest contraction being at 
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DISOHABGS BY SHORT TUBES. 3 

the point C, whose distance from the plate is half the diameter 
of the orifice, and its diameter * 784, that of the orifice being 1, 
The form from £ to C may be taken as a curye, whose radius is 
1 *22 times the diameter of the orifice. 

Now, the foregoing rule gives the maximum velocity, or that 
at the point of greatest contraction C, and if the diameter be 
taken there, the rules would give the true velocity and dis- 
charge without correction. But it is obvious that the velocity 
at the aperture itseK (or at B) would be less than at C in the 
ratio of the respective areas at the two points, or as 1* to • 784" 
or 1 to * 615, and in that case, the diameter being taken at B, 
the velociiy there would become V = ^ H X 8 x ' 615 and the 
discharge G = VH X ^ X 16-3 x '615. From this we get 
for apertures in a thin plate, the rules : — 

G=Vflxd"xlO 
G 



° = (d^lTlO ) 
_ / G y 

Thus, with 3 inches diameter and 16 feet head, the discharge 
would be Vl6 x 3* x 10, or 4 x 9 x 10 = 360 gallons per 
minute. The head for 150 gallons per minute with 2 inches 

iiameter = ( -j ^7: ) = 14-06 feet: and the diameter for 200 

\4 X 10/ 

gallons per minute with 20 feet head would be ( jtt^ To F" 

2*11 ipches, &c., &c. 

(3.) ^^ Discharge hy Short, Twbe8."— When the aperture is of 
considerable thickness, or has the form of a short tube, not less 
in length than twice the diameter, the amount of contraction is 
found to be less, and the discharge greater, than with a thin plate. 
Fig. 3 shows a tube 1 inch diameter and 2 inches long; the 
greatest contraction is in that case * 9 inch diameter, and its pro- 

B 2 



FSIOnOK OF LONG FIPI8. 



poriional area *9' = '81, or say *8 of the aiea of the tube. For 
short tubes therefore the rules become : — 



VVhx 13/ 



Table 2 has been calculated by these roles ; thus, for a 7-mch 
pipe discharging 450 gallons, the Table shows that the head 
necessary to generate the velocity at entry is 6 inches ; this is 
irrespective of friction, which, in fact, for so short a tube as the 
role supposes, would be practically nothing. This Table applies 
to all cases of pipes ; for instance, Fig. 4 shows the inlet end of 
a main from a reservoir, which will require for the velocity at 
entry alone the amount of head shown by the Table. When, as 
is usually the case, the pipe is of considerable length, the head 
due to friction must also be allowed for. 

(4.) " Friction of Long Pipes" — With a long pipe there is not 
only the loss of head due to the velocity at entry, but also 
another loss due simply to the friction of the water against the 
sides of the pipe, so that in all cases the head consumed may be 
considered as composed of two portions : — one, the amount due 
to velocity of entry, irrespective of friction ; and the other, the 
amount due to friction alone. Thus, in Fig. 8 the head h gives 
a certain velocity of discharge by the short pipe A ; but to give 
the same velocity in the long main £ G, the head H' is necessary, 
of which h* is consumed in generating the velocity at entry, 
being the same as for A, and the rest, or H, in the friction of 
the long pipe : the total head is, of course, the sum of the two. 

(5.) The loss of head by friction may be calcidated by the 
following rules : — 

„ G X L 
H= — 
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6 FBIOnON OF LONG PIPXS. 



(3i)» X H 



L = 



G* 



Li fliese rules d = diameter of the pipe in inches. 

L = length in yards. 
H = head of water in feet. 
G = gallons per minute. 

These rules require the use of logarithms to work them easily : 
thus, to find the discharge by a 7-inch pipe 3797 yards long with 
46 feet head, we have : — 

7x 3= 21 = 1-322219 

5 

6-611095 
X 45 = 1-653213 

8-264308 
4-3797=3-579441 

2)4^84867 

2-342433 = 220 gallons per minute. 

Again, to find the head necessary to discharge 320 gallons per 
minute by an 8-inch pipe 3457 yards long, we have : — 

320 = 2-505150 

2 



5-010300 
X 3457 = 3-538699 

8-548999 
8 X 8 = 24 = 1-380211 x 6 = 6-901055 



1-647944 = 44-46 feet head. 



And again, to find the diameter for 110 gallons per minute with 
56 feet head, the length being 273 yards, we have : — 



FBIOTION OF LONG PIPES. 



110 = 2-04:1398 

2 



4-082786 
X 273 = 2-436163 



6-618949 
-7-66 = 1-748188 

5)4-770761 

9 

•954152 = 9, and— = 3 inches diameter. 

o 

Table 3 has been calculated by these rules, and will greatlj 
facilitate the calculation of pipe questions, it also has the great 
advantage of requiring only the simple rules of arithmetic. 

(6.) 1st. Having G, L, and d given, to find H. In the Table 
opposite the given number of gallons, and under the given 
diameter, is found the head due to a length of one yard, and 
multiplying that number by the given length in yards, gives the 
required head of water in feet. Thus, taking our former illus- 
tration in (5), the head to deliver 320 gallons per minute by an 
8-inch pipe 3467 yards long — opposite 320 gallons in the Table, 
and under 8 inches diameter, is -01286 feet, and -01286 x 
3457 = 44-46 feet, the head sought. 

(7.) 2nd. To find d, having H, L, and G given. Divide the 

given head of water in feet by the given length in yards, and 

the nearest number thereto in the Table opposite the given 

number of gallons will be found under the required diameter. 

Thus, to find, the diameter for 110 gallons per minute with 56 

66 
feet head, the length being 273 yards, we have -^r=^ = - 205, look- 

ing for which in the Table opposite 110 gallons we find It tmdei 
3 inches, the diameter sought (see 5). Again, to find the dia- 
meter for 320 gallons, 20 feet head, and 1600 yards long, we 

20 
have TTTnT: = '0125, the nearest number to which, in the Table 
1500 

(•01286) is found under 8 inches, the diameter sought. In 

most cases the tabular number will not be the exact numl)er« 
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deBired, which will only show that the exact diameter is an odd 
size between the standard ones in the Table. But by the former 
rale in (6), this can be easily checked ; thus, in our case, the 
true head for an 8-inch pipe would be -01286 x 1600 = 20-57 
feet instead of 20 feet ; but, of course, in most cases 8 inches is 
near enough for practice. 

(8.) 3rd. To find G, having H, L, and d given. Divide the 

given head of water in feet by the given length in yards, and the 

nearest number thereto in the Table, under the given diameter, 

will be found opposite the required number of gallons. Thus, 

to find the discharge of a 7-inch pipe 3797 yards long with 45 

45 
feet head, see (5), we have k^^ = * 01186; and looking for this 

Ota I 

under 7 inches diameter, we find it opposite 220 gallons, the 

discharge sought. Again, for the discharge of a 10-inch pipe 

40 
3000 yards long with 40 feet head, we have ^^rzr^ = -01333; 

oOOO 

and the nearest number to that we find to be -01384 opposite 

580 gallons, the discharge sought. 

(9.) 4th. To find L, having H, G, and d given. Divide the 

given head by the head for one yard found in the Table under 

the given diameter, and opposite the given number of gallons, 

and the result is the required length. Thus, to determine the 

length of 4-inch pipe to consume 12 feet head with 130 gallons 

per minute, we find under 4 inches and opposite 130 gallons 

12 
-0679 the head for one yard, and hence ^^^^ = 176 yards, the 

-0679 *' 

length sought. 

(10.) To avoid a needless extension of the Table, we have 
given only the principal numbers from 1 to 90, and from 1000 
to 100,000 gallons, leaving the intervening numbers to be sup- 
plied from the body of the general Table. In order to do this, 
it should be observed that the head varies as the square of the 
discharge, so that, for instance, ten times any given discharge 
will require 100 times the head, &c., &c. Thus, with 100 gid- 
lonfl» the Table shows that a 5-inch pipe requires '01317 foot 
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baad per yard, then with 1000 gallons tho liead would be 

•01317 
•01317 X 100= 1-317 foot; and with 10 gallons -yg^- = 

'0001317 foot. The application of this principle to any case 

in practice is very simple : say we require the head for 33 

gallons with a 2^inch pipe 600 yards long. Not finding 33 

gallons in the Table, we take 330, the head for which is 4 * 589, 

4*589 
therefore for 33 gallons it will be-^oo" "^ '^^^^^- "^^^ "^y 

bo checked by the skeleton Table, which shows that 30 gallons 
require -03792, and 40 gallons -06742 foot; so that -04589 
looks about right for 33 gallons. Then the head required in 
our case is -04589 x 600 = 27*534 feet. 

Again, say we required the head for 2800 gallons with a 
15-inch pipe 500 yards long. Here we must take the head 
for 280 gJlons from the Table, which is -0004248: for 2800 
gallons, therefore, or 10 times the quantity, we should have 
•0004248 X 100 = -04248 foot. Checking this by the skeleton 
Table we find -0487 foot for 3000 gallons, showing that -04248 
foot for 2800 gallons is about right. Hence the head sought 
is, in our case, -04248 x 500 = 21-24 feet. 

The same principilb may be applied when the discharge is the 

unknown quantity ; thu%, to find the discharge of a 2^inch pipe, 

17 
700 yards long with 17 feet head, we have ^^ = -02428, 

which, by the skeleton Table, is somewhere between 20 and 30 
gallons : now, looking in the body of the Table between 200 
and 800 gallons for the same figures (neglecting altogether for 
the moment the position of the decimal place) we find that the 
nearest to 2428 is 2427, which is opposite 240 gallons ; 24 gal- 
lons is therefore the true discharge. Again, to find the discharge 
of a pipe l^indi diameter, 200 yards long, with 4 * 5 feet head, 

45 
we have ^r^ = '0225, which, by Table, is i)etween 6 and 7 

(lallons ; now, looking between 600 and 700 gallons, we find 
ttie nearest to be 222 opposite 640 gallons, and ais we know thai 

o 



18 HBAD FOB YBLOOITY OF SNTBT IN PIPB8. 

tho tme discharge is between 6 and 7 gallons, we infer that the 
exact quantity is 6*4 gallons, &o., &o. 

(11.) The 3rd illustration in (8) for finding G may be ex- 
tended so as to give a useful general view of the discharge of 
different sized pipes with the same length and head. Thus, we 
found the tabular number for 3000 yards long and 40 feet head 

40 
^ ^ oruu\ — '01333, and looking for thii^ successiyely undes 

different diameters we find that 



A 6-inch pipe 
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(12.) « Head far VdocUy of Entry:'— To the head thus found 
by the preceding rules and Table, that due to velocity of entry 
has in all cases to be added, as explained in (4). When the pipe 
is of the common form, with square edges, as in Figs. 3 and 4, 
Table 2 gives the head for velocity direct. For very long pipes 
this is so small in proportion to the head due to Motion, that it 
may in such cases be neglected, and we have omitted it for that 
reason in the prebeding illustrations ; thus, we found in (5) and 
in (6) that with 320 gallons, by an 8-inch pipe 3457 yards long, 
the head due to friction alone was 44*46 feet. By Table 2 it 
will be seen that the head for velocity at entry is rather less 
than 2 inches, so that in such a case it may be neglected. But 
when a pipe is very short, the head due to velocity may be 
much greater than that due to friction, and the most, serious 
errors may be made by neglecting it. Say we had an 18-inch 
pipe, 20 yards long, discharging 3000 gallons. By Table 3 tho 
friction is *0196 x 20 = '392 foot; and the head due to velocity 
by Table 2 is 6 inches, or * 5 foot, being more than that due to 
friction; so that the total head is *392 + '5 = '892 foot. 

(13.) When, with a very short pipe, the head is given and 
the discharge has to be calculated, the case does not admit of -a 
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iimple direct solntion, because we cannot tell beforehand in 
what proportions the total head at disposal has to be divided 
between overcoming friction and generating velocity. We must 
for such cases, apply a useful general law (27), which may be 
stated as follows : — " The discharge hy any pipe, or series of pipes, 
is proportional to the square root of the head;'* and conversely, 
" The head is proportional to the square of the discharge;'* and 
these laws are true in pipes with bends, jets, contractions, &c. 
Thus, say we require the discharge of a 12-inch pipe 6 yards 
long with 10 feet head. Assume a discharge, it is unimportant 
whether the assumed discharge is near the true quantity or not, 
or whether it is too much or too little. Say, in our case, we 
take it at 1000 gallons per minute, then by Table 3 the head 
for friction is -01653 x 5 = -08265 foot, and the head for 
velocity is, by Table 2, about 4 inches, or * 333 foot, making a 
total of -08265 + -333 = -41565 foot, instead of 10 feet, the 
head at disposaL Then applying the law just given> we have 

1000 X VTO 1000x3162 .._ ., ^ -^ • 

— / = TrrT^ = 4905 gallons. Now, if in 

V. 41565 -6447 ^ 

this case the head due to velocity had been neglected, the dis- 
charge by Table 3 would be -^ = 2-0 = 11,000 gallons, which 

is more than double the true discharge. The Table 2 gives the 
greatest possible f)a.cility for making the calculations of head diie 
to velocity, which should never be overlooked in cases where 
the pipe is short. 

(14.) ^^Loss of Head hy Befnds** — There is another source of loss 
of head in pipes — namely, change of direction, or bends. The 
best formula for calculating this loss is that of Weisbach, 
which may be modified into the following : — 

H = {.131 + (1.847x(^)^}>C^, 

960 xH 



•od V« = 



o2 
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In which H «= the head due to change of direction, in inches, 
r = radius of the bore of the pipe, in inches. 
B = radius of the centre line of the bend, in inches. 
= angle of bend, in degrees. 
y =3 yelocitj of discharge, in feet per second. 

Thus, say we require the loss of head by a bend of 9 inches 

radios in a 6-inch pipe, discharging 800 gallons per minute, with 

6^ 
an angle of 65°. A 6-inch pipe containing roughly -g^ = 1 '2 

800 
gallon per foot run, the velocity of discharge will be ^ .o ^ gQ 

= 11-1 feet per second. To find (-^)* , or in our case (y )*> 

Q 

we have -3-= -3333. 

Then the log. of -8333 =T- 522886 

7 



2)4-659846 



2-329922 = -02137 



-I) 



3\i 



{1 11 • 13 y 55 
• 131 + (1-847 X -021371 x q^q = 1-2 inch, 

the head required. 

Table 4 has been calculated by the second formula. The first 
part is adapted to bends of the radius usually met with in 
practice ; this may vary slightly with different makers, but not 
so much as to affect the result seriously. Fig. 6 gives the pro- 
portions of the 8-inch bend as an illustration. The second part 
of the Table gives the loss by quick bends of the proportions 
given by Fig 7, which are sometimes necessary in special cases ; 
they are commonly named '^elbows." 

Table 4 requires but little explanation ; it shows, for instance, 
that an ordinary 8-inch bend, with 18 inches radius, consumes 
8 inches head when passing 1970 gallons per minute ; but a 
quick 8-inch bend with 6 inches radius consumes 12 inches 
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head when passing nearly the same quantity, or 1950 gallons, 
and these, it should be observed, are the heads due simply to 
change of direction, and do not include the head due to velocity 
or to friction* Thus, for instance, if the quick 8-inch bend 
had a length of one yard, the head for friction by Table 3 
(say for 2000 gallons) would be *5 foot, and the head for 

velocity at entry by the rule in (3), namely ( -r^ r^ j = H is 

5*48 'feet.- Thus we have a total for such a 



/ 1950 Y 
\8^ X 13/ " 



bend of 



1 * feet for change of direction, 

0*5 „ for friction, 

5 • 48 „ for velocity at entry, 



6-98,, total. 

Again, in a 6-inch pipe carrying 800 gallons, the Table shows 
that each common bend causes a loss of 1^ inches head, and 
each quick bend a loss of 5 inches, &o. The Table is arranged 
for bends of 90% or quarter bends, as they are technically 
named, but it is applicable to any other angle, for the loss of 
head is simply proportional to the angle, the radius being the 
same ; thus, a half-quarter bend of 45% or one-eighth part of a 
circle, consumes half the head of a bend of 90% and a bend oi 
180% or half a circle, takes double, &c., <&c. 

(15.) "Discharge of Compound Water-mains," — ^When a long 
main is composed of pipes of different sizes, as is very frequently 
the case, the head for each must be separately calculated, and 
the sum total taken. Thus, if we required 300 gallons per 
minute through a main 1200 yards long, composed of 800 yards 
of 7-inch, 300 yards of 6-inch, and 100 yards of 5-inch pipe, the 
head would be — 

By Table 3. 

800 gallons 7-inch = -022 x 800 = 17-6 feet head 
„ 6 „ = -0476 X 300 = 14-28 
6 „ = -1185 X 100 = 11-85 

43-73 total. 
If there were bends in the pipes we must add the head fof 



99 

W 99 
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ihem from. Table 4, but it will be found, as in the case of head 
for velocity, see (12), that with long mains the effect of bends is 
very smaU. Say we had 

4 common bends in the 7-inch, each -l-inch head = i inch 



8 quick „ 


99 


7 


99 


» i 


99 


= 1* » 


2 common „ 


» 


6 


99 


« i 


99 


= * ,. 


2 quick „ 


n 


6 


99 


» 1 


99 


= H » 


4 common „ 


» 


6 


99 


» i 


99 


= 2 „ 


8 quick , ,» 


91 


6 


99 


»li 


99 


= ^ 99 

Total m inches. 



Thus, even for such a large number of bends, the loss of head 
is only 10^ inches, or -875 of a foot; so that the total loss is 
43-73+ -875 = 44-605 feet. 

(16.) When, with such a series of pipes the head is given, and 
the discharge has to be determined, the case does not admit of 
a direct solution, because we cannot tell beforehand in what 
proportions the given head must be divided among the different 
pipes. We must in that case follow the course explained in (13) : 
thus, say we required the discharge with 30 feet head by a main 
2000 yards long, composed of 1200 yards of 8-inch pipe with 
.four common bends in it ; 700 yards of 6-inch pipe and three 
bends ; and 100 yards of 5-inch pipe, with two common and two 
quick bends. The first thing to be done is to assume a dis- 
charge, and calculate the head for that, as was done in the last 
example; it is unimportant whether the assumed discharge is 
near the true quantity or not. Say in our case we take it at 
400 gallons. Then 

By Table 3. Length. Feet 

400 gallons 8-inch pipe = -02 x 1200 = 24*0 head 
„ 6 „ = -085 X 700 = 59-6 „ 
„ 5 „ = -21 X 100 = 21-0 „ 

Carried forward . . 104 - 5 
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Bronglit forward .. 104*5 feet 

iDck loch. Inch. 

4 common bends in 8 eacH -1x4= i hesd 
3 „ „ 6 „ ix8 = li „ 

2 „ « 5 „ |X2 = 1J „ 

2 quick „ 6 ,, 3 X 2 = 6 „ 

9i = *8 foot 
Total 105*8 feet. 

Tlins we find that for 400 gallons we require 105*8 feet head 
instead of 80 feet, the head given ; theli by the nde in (18) 

^^ 1..^^ '^ X ^00 6-447x400 ^-^ „ ^, , 

we have =- or — T7r-K?i = 213 gallons, the real 

V105-3 10-26 ® 

discharge sought. Further illustrations will be found in 

Chapter XL 

(17.) " Effect of Chntour ofSeeikm.*'—ThB contour of the seo- 
tion of the line of pipes is a matter of some importance. The best 
condition, when the pipe is of uniform diameter from end to end, 
is, of course, a uniform slope throughout. This, however, can 
rarely be obtained, the pipe having to follow the contour of the 
ground, as in Fig 9. If a number of open-topped pipes were in- 
serted anywhere along the main, as at A, B, C, D, &c., the water 
would rise in them to the level of the oblique line J E, which 
in the case of a pipe of the same bore from end to end, would be 
a straight Hne as i^own ; this line is termed the hudrmdie meam 
ffrcdient. Now, the vertical distance from any point in that line 
(say the top of £) to the level line K li, will give the head for 
friction between £ and K, and the vertical distance from the 
same point to the level line J L will give the friction between 
£ and J : we have here supposed, of course, that the figare is 
correctly drawn to scale. 

(18.) When, as in Fig. 11, the pipes are of different diameters, 
then each would have its own gradient, showing at every point 
the loss of head due to that particular pipe as in the figure. No 
loss of effect will arise from the pipe following the section of 
the ground, so long <m the contour of the pipe does not anywhere 
along the line rise above the hydrandie mean gradietU, Thus, in 
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Fig. 9, where the ground is much broken, bat does not anywhere 
rise above the gradient, the discharge will be the same as by a 
pipe with a uniform slope. 

(19.) But if, as in Fig. 10, a hill, as at B, rises higher than the 
gradient, then the pipe £rom to D will be in a state of partial 
vacnxun, air will be given out by the water, and will aocmnnlate 
at the summit, and being driven forward by the water &om 
to B, will remain permanently in the pipe from B to O, occupy- 
ing the upper part of the pipe while the water trickles down the 
lower part as in a trough or open channel, and the vertical head 
from B to G is lost, the hydraulic gradient being now from. 
A to B, from B to O, and from G to F, this last being parallel 
to that from A to B, or at the same angle with the horizon. 
The discharge at F will therefore be, not the amount due to the 
head £, F on the length A, F, but that due to the head E, B on 
the length A, B. 

(20.) In this case the size of the pipe should not be uni&nn 

from end to end : from A to B it should be of large diameter, so 

as to deliver at B the required quantity with the head E, B ; 

and the pipe from B to F may be of smaller diameter, so as to 

deliver the same quantity at F with the head H, F. Say we 

take a case with the length A, F s 5000 yards, andheadS, F = 

90 feet, and that the length A,B = 2400 yards, and the head 

E, B = 10 feet, and that 500 gallons were required at F. With 

90 
uniform slope we should have ^^ = '018, which, by Table 3, 

is a 9-inch pipe, or rather less, for a 9-inch pipe would deliver 500 
gallons with '01742 x 5000 = 87*1 f^t. But for the delivery 

at B with 10 feet head, and a 9-inch pipe, we have aiK?) = ' 004167, 

which by Table = 245 gallons only, instead of 500 ; and, of 
course, Ihis is all we should get at F with such an arrangement, 
for whatever the size of the rest of the pipe from B to F might 
be, it could not deliver more than it received by the pipe A, B. 

The pipe from A to B should be ^^ s '004167, by Table 8 
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80 
= a 12-inch pipe ; and the pipe from B to F may be s 

'03077 = an &-inch pipe by Table. We may check these 
results thus : — 

By Table 3. Length. Head. 

12-inch pipe, 500 gallons = -00413 x 2400 = 9-912 feet 
8 „ 500 „ = -0314 X 2600 = 81-64 „ 

Total 91-552 

Thus we find the exact head to be a little more than the head 
at disposal, but in most cases the agreement is near enough for 
practice. 

(21.) When a long main is composed of different sizes of 
pipes <ind passes over uneven ground, the best course is to draw 
the gradients on the section of the pipes so as to see at a glance 
that none of the hill-tops rise above them. Fig. 11 is a case in 
which, with a fall of 232 feet, we have a 10-inch main 4000 yards 
long, an 8-inch main 3000 yards long, and a 6-inch main 2000 
yards long. To divide the given fall in the proper proportion 
between the different pipes and so find the gradients, let us 
assume that 100 gallons are delivered ; then 

By Table 3. Length. A. 

100 gallons 10-inch = -000411 x 4000 = 1-644 feet head 
„ 8 „ = -001256 X 3000 = 3-768 „ 

„ 6 „ = -005292 X 2000 = 10-584 „ 

15 • 996 total head. 

Now, whatever the real head may be, it would have to be 

divided among the several pipes in the same proportions as for 

232 
100 gallons in Col. A, and as the head in our case is ^^ ^^^ = 

14*504 times the total head for 100 gallons, it follows that the 
real head for each pipe will be 14 * 504 times the head for the 
same pipe in Ool. A ; thus the true head 

E. B for the lO-inch pipe will be 1-644 x 14-504 = 23-84 feet 
F,0 „ 8 „ „ 3-768 X 14-504 = 64-65 „ 

G,D ^ 6 „ „ 10-584x14-504 = 153-51 „ 

232-00 
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We can now draw the gradients on the section as in Fig. 11, 

and then if the contour of the ground is below them throughout, 

all is well.* The discharge at D may be calculated from any 

54-65 
one of the pipes ; say we take the 8-inch ; then = • 01822 = 

about 380 gallons by Table 3. 

(22.) " Special CasesJ* — There are many cases for the solu- 
tion of which no general rules can be given — they require 
reasoning, with the assistance of rules. The following cases 
may be useful : — ^Say that with pipes, arranged as in Fig. 12, 
we require 50 gallons at B, and 100 gallons at A, and have to 
determine the sizes of the mains. If we assume 3 inches for E, 
the head for that size would be • 0423 x 160 = 6-77 feet above 
the level at B, and as that point is 8 feet (or 18 — 10) above the 
level at C, we have at this last point the head of 6 * 77 -f- ^ 
= 14 • 77 feet to deliver 50 gallons at B. Now, as A is 25 — 
18 = 7 feet below G, the head on A will be 14-774-7 = 
21 * 77 feet, and to find the size of pipe with that head for 100 

21 • 77 
gaUons, we have ^^ = -0871 = a 3J-inch pipe by Table 3. 

We have now only to fix the size of the pipe D to carry 50 -(- 
100 = 150 gallons : we found the head at necessary for the 
pipes E and F to be 14-77 feet, leaving therefore only 18 — 
14-77 = 3-23 feet for the friction of D, and from this we find 

^ = -01077 = a 6-inch pipe by Table 3. 

(23.) Take another case shown by Fig. 13, and say that we 
require the head at D to deliver 600 gallons at E by the single 
and double line of pipes ; also to find what proportion of the 
600 gallons passes by the two branches A, 0, B and A, B. Let 
us assume that the pipe A, C, B carries 1000 gallons; then the 
head at A for that quantity would be — 

1000 gaUons 12-inch pipe = -01653 x 1100 = 18 -18 feet head 

„ 9 „ =-0697 X 800 = 55-76 „ 

73-94 „ 

* The principle of this method of calculating a series of gradients is diM 
to C. E. Amo^ Esq^ of The Groye^ Southwark, 
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And wiCh that head at A, the pipe A, B would at the same time 

73.94 
deUver—p^r- = -0778 = 790 gaUons by Table 3 ; so that the 

two sets of pipes deliyer at B 1790 gallons with a head of 
73 * 94 feet at A, and therefore (13) to deliver the 600 gallons 

required would take yfof^ = ^'^ ^®®** Then, the 12- 

inch pipe from D to A would require for 600 gallons * 00595 x 
1100 = 6-545 feet head, and the 9-inch pipe from B to E, 
* 02509 X 400 = 10*086 feet; thus the total head at D will be 
6-545 + 8-3 + 10-036 = 24-881 feet. The pipe A,C,B will 

oarry — tWqR = ^^ gallons, therefore the pipe A,B must 

take the rest, or 264 gallons. 

(24.) If the head had been given, and the discharge due 
thereto had to be determined, we must have calculated the head 
for an assumed discharge, and then applied the rule in (13) to 
find the real discharge with the true head. Thus, say that with 
the same arrangement of pipes, we require the discharge at B 
with 45 feet head at D. If we assume 600 gallons, we 

600 X V45 
should find 24-881 feet head as in (23); then . or 

^ ' ^24181 

600 X 6-708 



4-988 
head at D, &a 



= 807 gaUons, the discharge at E with 45 feet 



(25.) ^' Delivery and Sudtanrpipes to Pumps'' — ^In calculating 
the sizes of pipes to pumps, it should be remembered that the 
action of a pump is intermittent, especially where there is no 
air-vessel to equalize the velocity of supply and discharge. Say 
we have a single-acting pump 2 feet diameter and 2 feet stroke, 
worked by a crank, &c., making 16 revolutions per minute. The 
area of the pump being 3*1416 feet, we should have 3*1416 x 
2 X 16 = 100 gallons discharged per minute; but while the 
bucket is descending the delivery is nothing^ and it rises to a 
maximum when the bucket is at the centre of its up-stroke, where 
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^ 



it has the velocity of the crank-pin ; thus in our case the crank* 
path being 2 feet diameter, or 6*28 feet circumference, the 
maxunnm discharge at that moment is 6*28 x 16 X 3*1416 = 
814 gallons, and the pipes must be calculated for that quantity 
instead of 100 gallons, the mean discharge. In most cases, an 
air-vessel is nsed, which more or less effectively regulates and 
equalizes the velocity of discharge : where the suction-pipe is 
a long one, an air-vessel should be provided for that also. 
Table 5 gives the variation in velocity in different kinds of 
pmnps without air-vessels. 

Table 6. — Of the Velocity of Dbchabgb by Pumps without 

AlB-VESSELB. 



One smgl^-acting pump, worked by^ 
acrank / 

Two ditto, worked by cranks at right '^ 
angles ../ 

One double-acting pump 

Thiee-throw single-acting 

Four single-acting, or two double-^ 
acting / 



Velodtj of Discharge. 



Max. Mean. 



MiXL 



Variatioii 
percent 



314-16 

222-00 

157-08 
104-76 

111-00 



100 

100 

100 
100 

100 



000 

000 

000 
90-69 

78-79 



314-16 

222-00 

157-08 
14-07 

32-21 



This Table shows that the common 8-throw pump has a more 
nniform discharge than any other, the Tnaximnm velocity being 
under 5 per cent, in excess of the mean ; an air-vessel is hardly 
necessary for such a case, in fjEK)t large pmnps throwing 600 
gallons per minute have been worked for many years success- 
fully without any air-vessel. 

(26.) ^^Service-pipes in Toums." — The sizes of street service- 
pipes for town supplies cannot be calculated by the ordinary 
rules : we may pursue another method. Certain sizes of lead 
services varying with the sizes of the houses supplied have been 
£ound necessary by experience. For ordinary cases with inter- 
mittent supply we may admit that ^inch pipe will sufGlce for a 
house with 6 or 7 rooms, |rinch for 10 rooms, |-inch for 16 rooms, 
and 1-inch for say 30 rooms. The discharging power of long 
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pipes varies, as the 2 • 6 power of the diameter (28), thus 4*'* « 
32, and we shall therefore require 32 1-inch pipes to deliver 
with the same head and length the same quantity of water as a 
4-inch pipe, and we may admit that a 4-inch main would supply 
32 1-inch lead services, &o. Table 6 is calculated on these 
principles. 

Table 6. — Service Mains for Wateb-Supply in Towns. 



Diameter of 
Branch Mains. 



IJ 
2 

3 

3J 

4 



Diameter of Lead Services. 



* 



i 



Nmnber of Houses supplied. 



15 
32 

56 
88 



9 


6 


18 


12 


32 


20 


50 


32 


74 


47 


104 


66 



3 
6 
10 
15 
23 
32 



" QenercH Laws for Pipes,*' — The following general statement 
of the laws governing pipe questions maybe useful: some of 
these laws apply strictly only to long mains in which the head 
due to velocity may be neglected. 

(27.) When d and L are constant, the discharge, or G, varies 
directly as the square root of the head, so that for heads in the 
ratio 1, 2, 3, the discharge would be in the ratio VI^ V2^ and 

^/^l or 1,1-414, and 1-732. 

Conversely, — the head is directly as the square of the dis- 
charge, so that for discharges in the ratio 1, 2, 3, we require 
heads in the ratio 1*, 2*, 3*, or 1, 4, 9, &c. 

(28.) When H and L are constant, the discharge is directly 
as the 2-5 power of the diameter; thus with diameters in the 
ratio 1, 2, 3, the discharge will be in the ratio 1''^, 2*^ and 3**^ 
orl, 6-6, and 16-6. 

Conversely, — ^the diameter will vary directly as the 2*5 root 
of the discharge ; thus for discharges in the ratio 1, 2, 3, the 
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diameter wiU yary in the jatio «yi; "^2^ and "^g; or 1, 1-32, 

and 1 * 55, &c. 

(29.) When G and L are constant, the head will be inversely 
as the 5th power of the diameter ; so that for diameters in the 
ratio 1, 2, 4, the heads will be in the ratio 4^ 2^ and l^ or 1024, 
82, and 1. 

Conversely, — the diameter will be inversely as the 5th root 
of the head ; thns for heads in the ratio 1, 2, 4, the diameters 
wonld be in the ratio yi^ V2^and yij or 1'32, 1'16, and 

1-0, &c. 

(80.) When H and d are constant, the discharge will be 
inversely as the square root of the length ; thns for lengths in 
the ratio 1, 2, 4, the discharge wonld be in the ratio ^4, V2, &^d 
4T, or 2-0, 1-414, and 1-0, &c. 

Conversely, — the length varies inversely as the square of the 
discharge ; thns for discharges in the ratio 1, 2, 4, the lengths 
would be in the ratio 4', 2*, and 1', or 16, 4, and 1, &c 

(81.) When G and d are constant, the head is directly and 
simply as the length ; thus for lengths in the ratio 1, 2, 8, the 
heads would also be in the ratio 1, 2, 8, &c. 

(82.) " Head for very Low Velocities^* — Table 8 gives the 
greatest possible facility for tho calculation of pipe questions, 
as may be seen by the examples we have given, and for all 
ordinary cases the results are correct ; but for very small 
velocities with low heads, say under one foot, &c., experiment has 
shown that the discharges are less than that Table would give, 
and for such eases Frony's more difficult and laborious rule 
seems to give the most correct results. The following rule is 
based on that of Prony : — 

Let d = diameter of the pipe in inches. 
H = head of water in inches. 
X = length of pipe in feet* 
G = gallons per minute. 



Then 



(l6-863 X ^^J-^ + -00665)*-. -0816) x c^" X 2 04 « 



82 
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Thus, say we required the discharge by a 12-iiioh pipe 3000 
feet long with 36 inches head : then 

(l6-353 X ^yy^ + -00665)*- -0816) x 144 x 2-04 = 

427-4 gallons. 

We may compare thib result with that by Table 3, or rather 
by the rule (^ — — j* = G, given in (6), by which the dis- 
charge comes out 426 gallons, or practically the same as by 
Prony's rule. With a very small head, however, the two rules 
do not agree; thus, with only one inch head, this same pipe 
gives 54*87 gallons by Prony's rule, whereas the other rule 
gives 70 * 98 gallons, or 29 per cent. more. With a large head, 
on the contrary, Prony's rule gives a rather larger discharge 
than the other. The general comparison of the two rules may 
be shown by the case of a 10-inch pipe, 1000 yards long, the 
calculated discharge of which, with different heads, is given by 
the following Table : — 



By the Bule in (5) 
By Prony's Rule 
Difference per cent. 



Head of Water. 



in. 
1 



ins. 


ft. ins. 


ft ins. 


ft ins. 


4 


1 4 


5 4 


21 4 











ft iDO. 

85 4 



Discbarge fn Chdlons per Mlmite. 



45 
33-8 
+33- 1 



90 

80-05 
+11-8 



180 

174-6 

+31 



360 

364-7 

-IS 



720 

745 

-3-41 



1440 

1507 

-4-45 



(33.) When the head is the unlmown quantity, and the rest of 
the particulars are given, the rule becomes : — 

^ wm ="• 

Let ns take an extreme case, in order to illustrate more fully 
the special adaptation of Prony's formula to very low velocities. 



-w^^wt^^^mwm 
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Bay we require the head for a lO-inch pipe 4000 feet long, 
discharging only 20 gallons per minute : then 

20 . V \ 4000 



(rei^Too+'^^^O'-^^x 



— = -626 inch head. 



16-363 

Now, by Table 3, the head comes out -00001646 x 1333 := 

* 02194 foot,* or *263 inch only; so that in this very extreme 

*626 
ease Prony's rule gives k 2*38 times the head by the mle 

in (5) or Table 3. 

(34.) Table 29 has been calculated by the following modifi- 
cation of Prony's rule : — 

(V+-0816f - '00665 Rxd 
196-24 "^ L ' 

In which d = diameter of pipe in inches. 

V = velocity of discharge in feet per second. 
H = head of water in inches. 
L = length of pipe in inches. 

Table 29 has been calculated for small velocities only, because 
Table 3 gives results suf&ciently correct for practical purposes, 
with higher velocities, and is more facile in application. We 
have added opposite each velocity in Table 29 the corresponding 
discharge of pipes, from 1 inch to 24 inches diameter, in order 
to abridge the labour as much as possible. For the use of this 
Table we have the following rules : — 

(35.) Ist. To find the discharge, having H, L, and d given. 
Multiply the given head in inches by the diameter in inches, and 
divide by the length in inches, and find the nearest number 
thereto in Col. 1. Then opposite that number, and imder the 
given diameter will be found the discharge in gallons per minute 
Say, we take the case in (82) to find the discharge of a 12-inch 
pipe 3000 feet or 36,000 inches long, with 86 inches head. Then 

— T — or oi?AAA • = ' ^12, the nearest number to which in 
li odUUU 
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Col. 1 is '01192, opposite to wluch, and imder 12 inches 
diameter, is 427 gallons, the discharge songht. 

2nd. To find the head, having G, L,and d given. In Table 29, 
under the given diameter, find the nearest nmnber of gallons, 
and take from Col. 1 the number opposite to it, which nmnber, 
multiplied by the length in inches, and divided by the diameter 
in inches, will give the required head in inches. Thus, taking 
the extreme case in (33) to find the head for a 10-inch pipe 4000 
feet long, with 20 gallons per minute : — The nearest discharge 
imder 10 inches diameter is 20*45 gallons, opposite which in 

mi- nnniQ^i Af +!.• 1.. • -0001341 x 48000 
Col. 1 IS • 0001341, and from this we obtain --r a: 

* 643 inch head : the exact head for 20 gallons we calculated in 
(33) to be -626 inch. 

It should be observed that Prony's formula does not include 
the head due to velocity of entry (12), which for short pipes 
becomes important. It has been omitted in the preceding illus- 
trations, because with such long pipes as were given in our 
cases it is too small to affect the result sensibly : for instance^ 
in the last case, the head for velocity with 20 gallons per minute 

/ 20 \^ 
and a 10-inch pipe by the rule in (3) is (j^ j^ ) = '000237 

foot, or 73i^nd of an inch only. 

(36.) ** Square and Bectangul^'r Pi'pes" — The case of square 
or rectangular pipes may be assimilated to that of round ones, 
and the head or discharge may then be calculated by the same 
rules and Tables that we have given for the latter. The velocity 
of discharge, whatever may be the form of the pipe or channel, 
is proportional to the hydraulic radius (57) or the sectional area, 
divided by the circumference or perimeter : in round pipes this 
is always equal to one-fourth of the diameter. 

Say we have a rectangular channel 3 ft, x 1*5 foot, Fig. 39 ; 

the area is 4*5 feet; the perimeter 9 feet, and the hydraulic 

4-5 
radios -^ = '5 foot, which is the same as that of a round pipe 

*5 X 4 = 2 feet diameter. Then to find the head for Motion 
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with such a channel, say 100 yards long, discharging 270 cubic 

feet per minute ; we have a velocity of j^ = 60 feet per minute, 

or 1 foot per second, which by Table 29 is equal to 1178 gallonfl 
per minute with a 24-inch pipe, and by Col. 1 of the same Table 

— = — = • 005928, therefore H = ^ or in our case 

JLj a 

A^ L - * 389 inch, the head required. We 

might have obtained the head approximately by Table 3, say for 
1200 gallons = -000744 x (100 x 12) = '8928 inch. 

We might also have calculated the head more directly by 
Table 80 : — ^Opposite '5 the given hydraulic radius, the nearest 
velocity to that given, or 60 feet per minute, is 61 feet, which is 
under 15 inches fall per mile, or * 00852 inch per yard ; hence 
for 100 yards the head is -00852 x 100 = '852 inch. 

The head for velocity at entry must be added to that for fric- 
tion, and may be found by Table 15 : thus, with a square-edged 
inlet, the head for a velocity of 1 foot per second is given by 
Col. C at ^iik of an inch ; the total head is therefore ' 889 -j- 
•25 = 1-139 inch. 

By the application of the same principles, the head, or dis- 
charge of a channel of any sectional form whatever may be 
determined. 

(37.) " Effect of Corrosion or Bust in Pipes" — The rules and 
Tables for calculating the discharge of pipes are adapted only to 
clean and even surfaces, such as are commonly met with in now 
cast-iron pipes. But some soft waters contain a great deal of 
oxygen, which rapidly decomposes iron, forming rust, which is 
deposited, not in an even layer, but in nodules or carbuncles. 

These retard the flow, not so much by the reduction of diameter 
as by the alteration of fhe character of the surface. A notable 
case of this kind occurred at Torquay, ^here a main about 14 
miles long, composed of 14,267 yards of 10-inch, 10,085 yards 
of 9-inch, and 170 yards of 8-inch pipe, delivered only 317 
gallons per minute, with 465 feet head. We may calculate the 

D 2 
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disoharge by the method explained in (13): — ^Assuming 1000 
gallons, we have by Table 3 : — 

Friction of 10-inch = -04115 x 14267 = 587-1 feet head 
9 „ = -0697 X 10085 = 702-9 „ „ 
8 „ = -1256 X 170 = 21-3 „ „ 

1311-8 „ total. 

V465 X 1000 
And from this, the discharge with the real head is 






V1311-3 



or ?.?i^^^-^J:^ = 595 gaUons. But by Prony's rule (32) the 

discharge comes out 616 gallons. The experimental discharge 

317 
was therefore only ^-^ = -51 or 51 per cent, of the theoretical, 

or in round numbers the discharge was that due to ^th of the 
head, so that |ths of the head was lost in undue friction. An 
ingenious scraper, suggested by the late Mr. Appold, and worked 
by the pressure of the water, was passed through the entire 
length of the pipes ; and subsequently an improved one by 
W. Froude, Esq., was used with remarkable results, the discharge 
being increased to 564, and eventually, by repeated scraping, to 
634 gallons, which is 18 gallons, or 3 per cent, more than the 
theoretical quantity. Errors of observation, or in the reputed 
sizes of the pipes, may. account for the discrepancy. 

Dr. Angus Smith's process, by which pipes are coated all over 
with a black enamel, seems to be an effective remedy against 
rusting ; such pipes have been used with Torquay water for 
years without being affected. The process is very cheap, being 
only about 5^. per ton for medium pipes ; it can be effectively 
applied only in the process of casting, while the pipes are new 
and hot. With such a smooth surface as this process produces, 
the discharging power must be increased in a higher ratio than 
the cost, so that such pix>es must really be more economical thac 
any other* 



FOUK TAINS — ^HEIGHT OF JETS WITH OIYBN HEADS. 37 



CHAPTER II. 

ON FOUNTAINS, JETS, &0. 

(38.) " Height of Jets with given Heads" — When water issues 
vertically from a nozzle, as at J in Fig. 5, it should theoretically 
attain the height of the head, and h should be equal to H ; but 
it has been found by experiment that the height of the jet is 
always less than the head, a loss arising from the resistance of 
the air. The difference, or h', is found to increase with the ab- 
solute height of the jet, and to diminish with an increase in the 
diameter. There are very few reliable experiments on this sub* 
ject, and the laws indicated by those we have are very intricate. 
The best experiments we have are given in Table 7, and from 
them we find that h' increases nearly in the ratio of the square 
of the head, so that if we draw to scale the successive heights 
found by experiment, as in Fig. 14, we obtain a curve which 
approximates to a parabola. Thus, for a ^inch jet, as in the 
Figure, with 160 feet head, the jet would have attained the 
height B, or 160 feet, if there had been no resistance from the air ; 
but it is found by experiment that it only reaches 80 feet as at 
D, therefore h' = 80 feet is lost. Again, with 80 feet head the jet 
should have reached C = 80 feet, but the experimental height is 
only 60 feet, and, in that case, h' = 20 feet. Thus with heads 
in the ratio of 1, 2, the loss is in the ratio 1^ 2', or 1 to 4, being 
in fact 20 and 80 feet. 

(39.) Experiment also shows, that the head being constant, h'\ 
varies nearly in inverse rudo to the diameter of the jet ; for in- 
stance, we have just seen that with 80 feet head on the ^inch 
jet, 20 feet head is lost. Then with a jet 1 inch diameter the 
loss would be about 10 feet, and the height attained 70 feet ; but 
with a ^-inch jet the loss would be about 40 feet, and the height 
attained 40 feet, &c. Thus we have the elements for calculating 
approximately the loss of head for any particular case, not 
perfectly agreeing, perhaps, with the true law, but the best 
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Table 7. — Of Experiments on the Height of Jets with Differen? 

Heads. 
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approximation we can obtain : this is a subject on which more 
experimental information is very desirable. Table 8 gives the 
height of jets with different heads, and is calcxdated by the 
following rule : — 

0126; 






In which H = the head on the jet in feet. 

„ h' = the difference between the height of head and 

height of jet. 
„ J = diameter of jet in ^fl is of an inck. 
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Tabib 8. — Of the Height of Jets with Different Heads. 
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(40.) It is a result of this rule, that each particular size of 
jet attains its maximum height with a certain head, and that if 
the head is increased beyond that point, the height of jet is not 
increased thereby, but is actually diminished. This result is 
anomalous : it may be that an excessive head breaks the issuing 
stream into spray and causes it to meet with more resistance 
from the air than a jet of solid water issuing with a moderate 
head. Experiments with excessive heads show an enormous 
loss : thus a jet 1 inch diameter with 445 feet head, reached a 
height of about 109 feet only, as measured by a theodolite. 

Our rule gives the loss h! = —5— x *0125, or — 5 — x '0126 
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s 809 feet, and hence the height of jet is 445 - 809 = 18B feoi 
The error of 27 feet is considerable, but perhaps not more than 
might be expected in snch an extreme case. 

(41.) " Discharge of Jets,^* — The quantity of water discharged 
will vary considerably with the form of the nozzle. The form 
is also a matter of importance, as affecting the solidity of the 
issuing stream, and thereby the height of the jet. Fig. 15 shows 
the best form of nozzle, and Table 9 gives the general proportions 

Table 9. — Of the Peoportions of Nozzles for Jets. 
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for different sizes. The lip at E projecting beyond the month 
is intended to protect the bore from indentation by accident. 
The discharge by well-made nozzles of this form will be about 
• 948, the theoretical discharge being 1 • 0, and may be foimd 
direct by the following role : — 

G= VHx d'X "24; 
In which H = the head of water on the jet in feet. 
d = the diameter in -|^ths of an indu 
G = gallons discharged per minute. 

Table 10 has been calclated by this rule. 
(42.) " Jet8 cU the End of Long Mains" — ^When a jet is placed 
«t the end of a pipe, or series of pipes, as is usually the casOi 
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calculation must be made of the loss of head by friction in such 
pipes, so as to obtain the actual head on the jet, for which alone 
the rules and Table apply. Say, for illustration, we take the 
case, shown by Fig. 16, of a jet 1 inch diameter, 70 feet high, 
at the end of a long main 6 inches, 5 inches, and 4 inches 
diameter, of the respective lengths given by the Figure, and that 
we have to calculate the head necessary. Table 8 shows that a 
^et 1 inch diameter, 70 feet high, requires 80 feet head ; and 
Table 10 gives the discharge of the same jet, with 80 feet head, 
at 137 gallons. Then, by Table 3, we calculate the friction of 
the mains, and we have the following results : — 

Feet 

Head to play 1-inch jet 70 feet high = 80*00 

Friction 6-inch main, say 140 gallons = -01037 X 600 = 6*22 
„ 5 „ „ = -0258 X 300 = 7-74 

„ 4 „ „ = -0788 X 100 = 7-88 

Total = 101 -84 

(43.) In other cases we may have the head and diameter of 
pipes and nozzle given, and have to determine the discharge. 
This case is illustrated by Fig. 17, and in dealing with it, we 
must follow the course indicated in (13). Say we assume the 
discharge at 300 gallons ; Table 10 shows that a jet 1^ inch 
diameter requires about 75 feet head for that quantity. Then, 
by Table 3, we find the friction of the mains as follows : — 

Feet 

Head to play l}-inch jet, 300 gallons = 75*00 

Friction 7-inch main, 300 gallons = -022 x 800 = 17*60 
„ 6 „ „ = -0476 X 400 = 19-04 

„ 5 „ 1, = .1185 X 80 = 9*48 

Total = 121*12 

So that for our assumed discharge of 300 gallons we require only 
121 * 12 feet, instead of 150, the head at disposal. Then by the 
rule in (13) the true discharge with 150 feet head will be 

— _ sr 334 gallons. In such cases as this, whore the 

V121-12 

height of a jet is involved, the discharge assumed should be pretty 
near the true one. 
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(44.) In another case we might require to find the diometel 
of one of the main pipes, having all the rest given. Thus, say 
that we have to find the diameter of the pipe P, in Fig. 18. 
Table 8 gives 90 feet as the head for 1^ jet 80 feet high ; and 
Table 10 gives 227 gallons as the discharge of the same jet with 
90 feet head. 

Then, IJ jet 80 feet high, by Table 8 .. 90-0 feet head 
Friction of 6-inch main = • 028 x 400 .. 11-2 „ 

101-2 „ 

We have therefore 115 - 101*2 = 13-8 feet of head left for 

13 '8 
the friction of the pipe P, or -^rr-^ = '069 foot per yard; which 

by Table 3 is equal to a 5-inch pipe with say 230 gallons, and 
this is the required diameter of the pipe P. 

(45.) ^^ Path of Fountain Jets" — When the discharge takes 
place obliquely, or out of the perpendicular, the path of the jet 
is a parabola, and may be conveniently described by the method 
shown in Fig. 23, in which we have a jet discharging upward at 
an angle of 46°, and with a head of 14 feet, which by Table 11 
will give a velocity of 30 feet per second, or 3 feet per tenth of 
a second. If we mark on the line S, £ a series of points A, B, C, 
&c., 3 feet apart, they would show the position of a particle of 
water at each tenth of a second if gravity did not act : but of 
course gravity does act simultaneously, and Table 12 gives the 
space fallen through each tenth of a second, which, being plotted 
on the perpendiculars drawn through each of the points A, B, C, 
&c., will give the true position of the particle of water at each 
tenth of a second. Thus, in -^^ths of a second it would have 
arrived at C, if uninfluenced by gravity, but the Table shows 
that in that time a body falls 1 foot 5^ inches ; therefore F is 
the true position at that moment, and so of the rest, as in the 
Figure, which gives the path for two seconds. The lower 
curve S, T in Fig. 23, shows the path of a jet with the same head 
and velocity projected downwards at the same angle of 45°. 
Fig. 19 gives the path for a horizontal projection, and also 
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Table 11. — ^Falling Bodies, giving the Space fallen through to 

acquire certain Velocities. 



Velocity 




Velocity 






Velocity 




in Feet 


Space. 


in Feet 


Space. 1 


in Feet 


Space. 


per Second. 




per Second. 






per Second. 






ft ins. 




ft. 


ins. 




ft. ias. 


1 


ovv 


21 


6 


10 


41 


26 1 


2 


Of 


22 


7 


6 


42 


27 5 


3 


H 


23 


8 


3 


43 


28 9 


4 


3 


24 


9 





44 


30 1 


5 


^ 


25 


9 


9 


45 


31 5 


6 


6A 


26 


10 


6 


46 


32 10 


7 


9i 


27 


11 


4 


47 


34 4 


8 


1 


28 


12 


3 


48 


36 10 


9 


1 3i 


29 


13 





49 


37 4 


10 


1 6} 


30 


14 





50 


38 11 


11 


1 104 


31 


14 


11 


52 


42 


12 


2 3 


32 


15 


11 


54 


45 4 


13 


2 n 


33 


16 


11 


56 


50 


14 


3 0^ 


34 


18 





58 


52 


15 


3 6 


35 


19 





60 


56 


16 


4 


36 


20 


1 


62 


59 8 


17 


4 6 


37 


21 


5 


64 


63 8 


18 


5 


38 


22 


6 


66 


67 8 


19 


5 7 


39 


23 


9 


68 


72 


20 


6 3 


40 


24 


11 


70 


76 



Table 12. — Falling Bodies. 



Time. 


Whole Space 


Velocity acquired. 


Time. 


Whole Space 


Velocity acquired. 


Seconds. 


fallen. 


Feet per Second. 


Seconds. 


fallen. 


Feet per Second. 




ft ins. 


ft. 




ft ms. 


a 


A 


iH 


3-2 


ll^ 


19 4| 


35-2 


A 


7| 


6-4 


1t»o 


23 04 


38-4 


^ 


1 5i 


9-6 


1^ 


27 Oi 


41-6 


^ 


2 6A 


12-8 


ll^ 


31 4| 


44-8 


A 


4 


16-0 


h'o 


36 


48-0 


1^ 


5 9i 


19-2 


1^ 


41 


51-2 


T^ 


7 10 


22-4 


ll^ 


46 2| 


54-4 


A 


JO 2J 


25-6 


Ilv 


51 1 


67-6 


■h 


12 Hi 


28-8 


lA 


57 9J 


60-8 


^ 

1 


Id 


32 


2 


64 


64 
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illustrates another method of drawing the parabolic curve, which 
consists in dividing the total space fallen through J, K into the 
same number of equal parts as the line H, J, and drawing radial 
lines from the point H, as shown. The path of the jet is through 
the intersections of the radial lines with the perpendiculars, as 
in the figuire : the two methods give the same result precisely. 

(46.) There are some general laws governing the paraboli- 
pal^s of jets which it will be well to state explicitly. Let "E^ 
20 be a jet playing obliquely from a nozzle at J, and striking 
the horizontal plane at G. 

1st. If the line of direction of the pipe or axis of the jet be 
prolonged, it cuts the axis of the parabola at a point C, whose 
distance from the base is always double the height of the 
parabola, or C N is equal to twice D N. This gives a useful 
rule for finding the proper angle of the jet pipe when the path 
of the jet has been determined. 

2nd. If we find the focus of the parabola by the ordinary 
method, namely, by bisecting the radius of the base at A, 
drawing the line A D, and making A L perpendicular to A D, 
then the point L is the focus of the parabola and the distance 
N L is the extra head h necessary to play the jet horizontally, 
or the difference between the maximum height of the jet and the 
head upon it at J. Thus the total head H' may be considered 
as divided into two portions, namely, H, which is equal to the 
height of the parabola D N, and h, which is equal to the distance 
of the focus of the parabola from the base. 

3rd. If^ therefore, with the same head the jet were made to 
play vertically, it would (theoretically) attain the height of H', 
instead of H. 

4th. In all cases, h bears a certain proportion to the height of 

the parabola (H), and to the length of its base B, and may be 

(iB)« 
calculated from those particulars by the rule h — \r \ thus, to 

play a jet 52 feet horii^ontally (B), and 16 feet high (H), fia in 

8* 
Fig. 21, we shall have h = ^^^ ^ ^^^^ which, «ddad to the 
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height of the jet path (16 feet), gives 20 feet for the total head 
on the jet. 

5th. The horizontal distance from the nozzle at J to the point 
on the plane at G, where the jet strikes it, may be calculated 
when the total head H' and the height of the parabola H are 
given ; for obviously H' — H = ^, and knowing h, we may find 

B by the rule V* x H x 4= = B. Thus, in Fig. 21, we have 
H' = 20, and BE = 16 ; therefore, * = 20 - 16 = 4, and then 

V4:X 16 X 4 = 32 feet. 

6th. When the jet issues horizontally, as in "Fig, 25, its path 
is half a parabola, following the same laws as before, namely. 



. (*P)' 



A = F, also A = "^ , and VA X H X 2 = P, &c. 

(47.) In some cases, the two half parabolas are unequal, 
as in Fig. 24, where we have a jet 20 feet high at its maxi- 
mum, delivering at N = 15 feet high, and 24 feet distant hori- 
zontally from the nozzle at J,, and we require to find h = 
the extra head, and to describe the path of the jet. Here we 
have first to find the position of the centre line dividing the 

semi-parabolas, and to do this we have — m z=z = E, which 

VH + VH" 

24 X 4*472 

in our case becomes . .-- k-t^t^ = 16 feet. Then the focus 

4-472 -f. 2-236 

of the two semi-parabolas may be found as before, and it will be 

(")■ 

found that F and F' are equal. Thus, in our case F = = 

©' 

3 • 2 feet, and F' = -^ = 3 • 2 feet also. F being equal to h, 

we thus find A to be 3*2 feet, and the total head at J will 
therefore be 20 + 32 =23*2 feet (H'). If wo reverse the 
direction of the jet, placing the nozzle at N, instead of at J, 
tlien with a head of6+3-2 = 8-2 feet, the path of the jet 
would be the same as before. 
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(48.) "We have followed throughout the investigation of the 
paths of oblique jets, the theoretical law that the height of the 
jet is equal to the head, and we have done this to avoid compli- 
cating the matter unnecessarily ; but obviously, we must apply 
to oblique jets the correction we foimd necessary for perpen- 
dicular ones. Thus, if we had a jet j^mch diameter, with 80 
feet head. Table 8 shows that the height attained vertically 
would be only 60 feet, and if this jet played obliquely, its path 
should be calculated for the latter height, but the quantity of 
water expended, and the value of h must be calculated for 80 feet. 

Oblique jets of great height and range, deviate considerably 
from the true parabolic path assigned by the rules ; the curve 
becomes in such cases like A, D, E in Fig. 22, the true parabolic 
path being A, £, 0. But for moderate heights and ranges, such 
as usually occur in practice, the deviation is not considerable. 

(49.) ^^ Ornamental JetaJ^ — There are many kinds of orna- 
mental jets which may be used with pleasing effect in very 
sheltered situations, especially in the interior of conservatories, 
&c. One of these, called the " Convolvulus," from the form of its 
display, is shown in half-size section by Fig. 26. The pressure 
of a very small head of water (2 or 8 feet) raises the valve B, 
and allows a thin sheet of water to escape, forming a sheet jet of 
the form given in Fig. 27, and (with the size given by Fig. 26) 
about 3 feet diameter, with an expenditure of about 6 gaUons 
per minute. 

Fig. 28 is a half-size section of the " Dome" or " Globe" jet, 
which produces a display of the form shown by Fig. 29, willi a 
head of about 2 feet, the globe being about 14 inches diameter, 
and the expenditure about 8 gallons per minute. With a greater 
head, say 8 or 4 feet, the display has the form of an umbrella 
about 21 inches diameter, expending about 4 gallons per 
minute. 

The " Basket and Ball" jet is another pleasing variety; the 
basket is of fancy wire-work, large enough to catch the ball 
when it escapes £rom the jet of water, and formed so as to 
return it back to its place. The ball is formed of light wood 
(lime-tree is the best), pamted or gilded, and well varnished. 
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There should bo a certain proportion between the size of the 
ball and the diameter of the jet As an approximation we may 
give the following rule : — 

Vd^ X 1-3 = D; 

In which d = the diameter of the jet in -^ths of an inch. 
D = the diameter of the ball in inches. 

Table 18 has been calculated by this role ; it gives the propor- 
tions np to 1-inch jets, bnt the |-inch jet, with Scinch ball is 
nsoall J the maYJmnm size in practice. 

Table 13.— For Ball Jets. 

Diameter of Jet Diameter of BaU. 



•|-inch 


s 


l|-inch 


i « 


= 


1* » 


i « 


ss 


2i » 


h » 


= 


21 » 


« » 


= 


8* „ 


* « 


■s 


H » 


i » 


zs 


4 » 


1 « 




*i n 



CHAPTEE III. 

ON CANALS, OULYEBTS, AND WATEB-OOtJBSES. 

(60.) " Open Water-courses,^* — The discharge of open water- 
courses may be found experimentally by observing the velocity 
of the current and measuring the cross sectional area of the 
stream. But to do this correctly we require the mean velocity 
throughout the section, which is not given by observation. The 
velocity varies, being a maximum at the surface and where the 
channel is deepest, which is usually near the centre of the width, 
diminishing from thence to the banks on either side, and to the 
bottom, where it is a minimum. 

The best experiments we have, give the mean velocity 
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tlirooghont the section at 84 per cent, of the TnaTimnm central 
surface velocity, which is usually the velocity observed, being 
easily obtained by a float on the surface of the stream (68). 
Table 14 gives th^ mean velocity corresponding to observed 
maximum velocities ; thus, if a channel whose area is 24 square 
feet, has by observation a central surface velocity of 85 feet 
per minute, the mean velocity by the Table is 29 * 4 feet, and the 
discharge will be 29-4 x 24 = 706- 6 cubic feet, or 706*6 x 
6*23 s 4396 gallons per minute. 

Table 14. — For Open Channels, Canals, and Bivebs, giving the 
Mean Yelooity throughout the Section, corresponding to 
observed Central Subface Velocities. 



Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Snrfisuie 


Mean 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 

1 


Velocity. 


Velocity. 


1 


•84 


26 


21-84 


51 


42-84 


76 


63-84 


2 


1-68 


27 


22-68 


52 


43*68 


77 


64-68 


3 


2-52 


28 


23-52 


53 


44-52 


78 


65-52 


4 


3-36 


29 


24-36 


54 . 


45-36 


79 


66-36 


5 


4-2 


30 


25-2 


55 


46-20 


80 


67-2 


6 


6-04 


31 


26-06 


56 


47-04 


81 


68-04 


7 


6-88 


32 


26-88 


57 


47-88 


82 


68*88 


8 


6-72 


33 


27-72 


58 


48*72 


83 


69-72 


9 


7-56 


34 


28-56 


59 


49*56 


84 


70*56 


10 


8-4 


35 


29-4 


60 


50*4 


85 


71-40 


11 


9-24 


36 


30-24 


61 


51-24 


86 


72-24 


12 


10*08 


37 


31-08 


62 


52 12 


87 


73 08 


13 


10-92 


38 


31-92 


63 


52*92 


88 


73-92 


14 


11-76 


39 


32-76 


64 


63*76 


89 


74-76 


15 


12-60 


40 


33-6 


65 


54*6 


90 


76-6 


16 


13-44 


41 


34-44 


66 


55-44 


91 


76-44 


17 


14-28 


42 


35-28 


67 


66-28 


92 


77-28 


18 


]5-12 


43 


36-12 


68 


67-12 


93 


78-12 


19 


]5-96 


44 


36-96 


69 


57-96 


94 


78-96 


20 


16-8 


45 


37-8 


70 


58-8 


95 


79*80 


21 


17-64 


46 


38-64 


71 


59-68 


96 


80-64 


22 


18-48 


47 


39-48 


72 


60-48 


97 


81-48 


23 


19-32 


48 


40-32 


73 


61-32 


9» 


82-32 


24 


20-16 


49 


41-16 


74 


62-16 


99 


83 16 


25 


21 

1 


50 


42 


75 


63-00 


100 


84-00 



(51.) "Head due to Velocity in Open ChannelsJ'^ — When a 
stream leaves the still water of a lake or reservoir, as in Fig. 30, 
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at a giyen velocity, there will be a certain loss of head to gene* 
rate that Telocity, that is to say, the stream at F must be lower 
than the still water at E in order to create the Telocity required 
at G. In a case like the Figure, the bottom of the channel at F 
being at the same leTel as the bottom of the reserToir at E, and 
with a well-rounded entrance, the Telocity would be • 96 of that 
due to graTity, and the same co-efficient would apply to the water- 
way of a sluice-gate, like Fig. 31, if the gate is drawn up com- 
pletely out of the water, and to the openings of a bridge with 
pointed piers, as at Fig. 32, the conditions being OTidently similar 
in all the three cases. With similar conditions, but with square 
comers at the sides of the inlet opening, as in Fig. 34, the 
bottom of the channel being still at the same IctcI as that of the 
reserToir, the Telocity at G would be '86 of that due to graTity, 
or to the difference of IcTel between E and F, and the same co- 
efficient applies to the openings of a bridge with square piers as 
in Fig. 33. 

With an opening in a sluice-gate of small thickness, as at 
Fig. 35, the head of water being aboTO the lower edge of the 
gate, the Telocity is only * 635 of that due to graTity, a contrac- 
tion (2) occurring on all the four sides of the aperture. If the 
gate be fully drawn up, the opening becomes a weir, as at Fig. 36, 
then contraction occurs on three sides only, and the co-efficient 
rises to • 667. These co-efficients are giTen by Eytelwein, and 
Table 15 giTCS the Telocities for different heads calculated by 
them. 

(52.) ^^ Head to overcome Friction of Channel" — When the 
channel is a long one, there is not only a loss of head due to the 
Telocity, but also a further loss by friction against the sides and 
bottom. Where the channel is of equal cross-sectional area 
from end to end, the loss of head increases uniformly from end 
to end, and the surface of water has a certain slope or fall per 
yard, or per mile. Fig. 37 shows the section of a water-course 
in which the fall from the still water in the reserToir at A to 
the point B is due to the Telocity at B, and this would be the 
same whatcTcr the length of the channel ; its amoimt Taries 
with the form of the entrance as explained in (51). From B to 
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C tliere will be a regular slope wlien the area of the channel is 
uniform, and the fall C D is due to friction for the length B C. 

Table 16. — Of the Velocities in Feet per Second, due to given Heads. 



Head 

in 
Inches. 



A. 

CSoef. l-O, 



B. 

Coef. '96. 



O. 

Goef. '86. 



D. 

Coef. -635. 



A 




A 




A 




i 




A 


1- 


i 




ft 




i 




A 




i 




A 




* 




t* 




4 


2- 


« 


2- 


i 


2- 


« 


2- 



29 
41 
58 
82 


158 
295 
418 
532 
638 

737 
831 
921 
006 
088 
167 
243 



1 
1 
1 
1 
1 

1 
1 
1 
1 
2 
2 
2" 



2784 
3936 
'5568 

•7872 
'9600 

1117 
2432 
3613 
•4707 
'5725 

'6675 
'7577 
'8442 
'9258 
0045 
0803 
1533 



1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 



'2494 
'3524 
'4988 
'7052 
'8600 

'9959 

1140 

'2195 

•3175 

'4087 

'4938 

'5747 

'662 

•725 

•796 

•863 

•929 



•18415 

•2603 

•3683 

•5207 

•6350 

•7353 
•8223 
•9004 
•9728 
1^0401 

1^1030 

1^1627 

1-2198 

1-2738 

1-3259 

1-376 

1-424 



Head 

in 
Inches. 



A. 

Coe£ 1*0. 



B. 

Coef. -96. 



1 

H 
H 

3i 
4^ 



2-317 


2- 


2-590 


2- 


2-837 


2- 


3-065 


2- 


3-276 


3- 


3-475 


3- 


3-663 


3- 


3-842 


3- 


4-012 


3- 


4-176 


4- 


4-334 


4^ 


4-486 


4- 


4-633 


4- 


4-914 


4- 


5-180 


4- 


5-433 


5- 


5-675 


5- 



2224 
4864 
7235 
'9424 
145 

336 
516 
688 
'851 
009 

161 
306 
'448 
717 
'973 
216 
'448 



O. 



D. 



Coef. '86. Coef.* 635. 



9930 
2270 
'4398 
6360 
8174 



2-9885 
3-1502 
3-3041 
3-4503 
3-5914 



3- 

3 

3 

4- 

4- 

4' 

4' 



7272 

8580 

9844 

2260 

455 

672 

881 



1 
1 
1 
1 

2 



4713 
6446 
8015 
9463 
0803 



2^2066 
2 •3260 
2^4397 
2-5476 
2-6517 



2-7521 
2-8486 
9420 
1204 
2893 
450 



2 
3 
3 
3 



3-6036 



(53.) This £a11 may be calculated by the following rule : — 



.(xj 



xLx P 



In which ii 
A 
P 
F 



C = 



874520 X A ' 

length of the channel in yards. 

cross-sectional area of the stream in square feet. 

the perimeter, or wetted border in feet. 

the fall, or difference of level at the two ends of 

the channel in inches. " 

cubic feet discharged per minute. 



Thus, in the case shown by Fig. 38, A being 6 x 2*5 = 15 
square feet, P = 2*5 + ^ + 2*5 = 11 feet, say that with such 
a channel 1760 yards^ or one mUe long, we require the isM io 

k2 
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diaoharge 1105 cubic feet per minute : then by the rule we 

/1106 V ^n^^ ,, 

\"15"/ ^ ^ 

have in our case ^-.^  rr = 8 inches felL 

874520 X 15 

(54.) To this has to be added the head for the velocity at 

entry, or A B in Fig. 37, The mean velocity being — ^ = 

73*66 
78-66 feet, the maximum (50) will be . = 87*7 feet per 

minute, or 1*46 foot per second, the head for which, with square 
comers, is given by Col. of Table 15 at about ^inch. Then 
for a channel one mile long, the total head will be 8 + ^ = 8^ 
inches ; for -^th of a mile, or 220 yards, 1 -{- i - I7 inch, and 
for 110 yards, i-{- ^ = ^ inch. In the last case the head for 
velocity is equal to the head for frictioiL 

(55.) When the fall is given, and the discharge has to be 
calculated the rule becomes : — 

Thus, with the same channel as before, 1760 yards long, and a 
fall of 12 inches, the discharge would be ( TnFPx fi ) 

X 15 = 1353 cubic feet per minute. We have omitted in this 
ease to allow for the head due to velocity, and where the channel 
is a long one, the omission will not cause a serious error ; with 
short channels, however, it must not be neglected. 

(56.) When, with a given total head, we have to calculate the 
discharge by a channel so short that the head for velocity has 
to be considered as well as that due to friction, the question does 
not admit of a direct solution, because we cannot tell beforehand 
in what proportions the head at disposal has to be divided 
between the two. The best course in that case is to assume 
a discharge, and calculate, as in (53) and (54), the head for 
friction and the head far velocity with that discharge. Then 
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applying the law (27) that the discharges are directly proper^ 
tional to the sqnare roots of the respectiye heads, we may obtain 
the true discharge with the given head. Thus say that with the 
channel (Fig. 38) 50 yards long, the toUH head at disposal was 
2 inches, and that we haye to calculate the discharge. Say we 
assume it at 1000 cubic feet ; then the head for friction would be 

/lOOOV 1.^ ,^ 



874620 X 16 



186 inch. 



The mean Telocity being -— - = 66'7, the maTimum will be 

66 '7 

--— = 79*3 feet per minute, or 1*32 foot per second, the head 

for which by Ool. C in Table 15 is about -^ or *437 inch ; the 
total head for 1000 cubic feet is, therefore, • 186 + - 437 = 
*623 inch: hence the discharge with 2 inches head would be 

1000 X V 2 1000x1-414 ,^^, .. . ^ 

— Qj. = 1791 cubic feet per mmute. 

V^623 -7893 ^ 

Checking this result by the rule in (63) &c., we find thai the 
head for friction is about * 6 inch, and for velocity 1 * 4 inch. If 
in this case the head for velocity had been neglected, and the 
full head of 2 inches had been allowed for friction alone, the dis- 
charge would have come out (?1^^2<J^^<2^\* X 16 = 8276 

cubic feet, instead of 1791, the true discharge. This will serve 
to show the importance of considering the head for velocity with 
short channels. 

(67.) Table 30 has been calculated by the following modifi- 
cation of the rule : — 



V = (f X R X 497)* 



In which Y = mean velocity in feet per minute, 
F = the fSdl in inches per mile. 
B a hydraulic radius, or area in square feet, divided by 
border in feet. 
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The use of this Table may be illustrated by the following 

examples : — Say we calculate by it the dischai^e of the channel 

(Fig. 38) with a &U of 12 inches per mile as in (55). The 

15 
hydraulic radius in our case is ^y = 1 * 363 foot, the nearest radii 

to which in the Table we find to be 1 * 3 and 1 * 4, and the corre- 
sponding velocities imder the fall of 12 inches per mile are 
88*1 and 91*4 respectiyely ; interpolating between those num- 
bers for our radius 1 * 363 we find tiie mean Telocity to be about 
90*2 feet, and the discharge 90*2 x 15 = 1353 cubic feet per 
minute. 
Again, to find the fall with the same channel 800 yards long 

1230 
for 1230 cubic feet per minute : — The mean velocity being 

Xo 

= 82 feet per minute, we look between 1 * 3 and 1 * 4 radii in the 
Table for that velocity, and we find it to be under the £eJ1 of 
10 inches per mile, or * 00568 inch per yard ; hence the fall 
in our case is about '00568 x 800 = 4*54 inches for Motion 
alone, or D in Fig. 37. 

(58.) Take another case, shown by Fig. 40, of an open cutting 
with sloping banks, and say that we require the discharge with a 

30-4- 20 
fjEtU of 8 inches per mile. The area being — -^ — x 2*5 = 62*5 

square feet, and the border 5*6 -|- 20 + 5*6 = 31*2 feet, the 

62*5 
hydraulic radius is ^r-^ = 2, which, by Table 30, with a fall of 

8 inches per mile will have a velocity of 89 * 2 feet, and a dis- 
charge of 89*2 X 62*5 = 5575 cubic feet per minute. 

(59.) " Biver Channels of irregular Cross-section,^^ — The appli- 
cation of the rules to the discharge of a stream of the natural 
irregular form of section may be illustrated by Fig. 41. We 
found in (68) that the area was 27 * 74 square feet ; taking say 
2 feet in the compasses, and stepping along the border, we find 
it to measure about 24 * 5 feet, the hydraulic radius is, therefore, 

27*74 

•^TTg- =1*132 foot. Then, with a fieJl of say 10 inches pet 
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mile, Table 30 gives, opposite the radius of 1 * 1 (which is the 
nearest to the one we require), the mean velocity of 73 • 9 feet per 
minute ; hence the discharge is 73 * 9 x 27 * 74 = 2050 cubic fee« 
per minute. With a very short channel, allowance should h: 
made for velocity at entry, as explained in (56). 

Table 30 may also be applied to the calculation of the dis 
charge, &&, of common pipes running full, or to those of & 
square or other section, for an illustration of which see (36), also 
to culverts, &c., partially filled, see (62). 

(60.) " Ojpeninga of Bridges, dtc,^ — The head lost by a stream 
in passing through a bridge is principally that due to velocity 
alone, the length of the channel being in most cases so short as 
to have little influence on the discharge. The head for velocity 
may be calculated by Table 15 : say we take the case (58) of 
the stream (Fig. 40) discharging 5575 cubic feet per minute, 
and passing through an opening at a bridge, say 8 feet wide and 
8 feet deep. The area being 8 x 3 = 24 square feet, the velocity 

will be ^-. 7^ = 3*87 feet per second, which, with pointed 

24 X 60 *^ ^ 

piers (Fig. 32) will require by Col. B of Table 15, 3 inches 

head (A, B in Fig. 37). But, the stream approaches the bridge 

89*2 
with a mean velocity of 89*2 feet, or a maxiTnum (50) of 

= 106 feet per minute, or 1 * 77 foot per second, the head due to 
which by the same Table is |^ inch. The head at the bridge is, 
therefore, reduced to 3 — -f = 2f inches ; with square piers 
(Fig. 33), the head by Col. C is 3| inches, or at the bridge 
8|. — I = 3^ inches. 

(61.) ^^ Submerged Openings** —The velocity of discharge 
through a submerged opening A (Fig. 43) is governed by the 
difference of the level of water at the two sides of it, or by H, 
and is not affected by the depth below the surface at which it is 
placed. Table 15 will give the velocity with small heads : thus 
an aperture 2 feet x 1 ' 5 foot = 3 square feet area, and with H 
c= 5 inches, would, by CoL D of Table 15, discharge 3 * 2893 x 3 
ax 9*87 cubic feet per second. 
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(62.) '^ Discharge by Egg-shaped Otdverta,*' — The discliarge of 
eulyerts of the common oval or other forms may be calculated by 
the preceding rnles, or by Table 30. The proportions of cnlyerta 
are arbitrary. Fig. 44 shows a good form, and Table 16 giyea 
the general sizes, areas, &c., when filled to two different depths, 
so as to adapt the Table to the varying requirements of practice. 
Say we take the case of a 5-feet culvert f ths full of water or 
4 feet 2 inches deep, with a fall of 10 inches per mile, then, by 
Table 16, the hydraulic radius is 1 ' 105, and the area of water- 
way 10*82 feet ; by Table 30 we find that with 1-1 hydraulic 
radius, and a fall of 10 inches per mile, the mean velocity is 
73 • 9 feet, and the discharge 73 • 9 x 10 " 82 = 800 cubic feet per 
minute. 

(63.) With very short culverts, allowance must be made for 

the velocity at entry by Table 15, &c. ; thus, in the case just 

given, if the culvert had been only 45 yards long, the fall due to 

friction alone would have been, by Table 30, equal to * 00568 

73*9 
X 45 = '265 or J inch ; the mean velocity is -^tt- = 1*23 and 

1-23 
the maximum —^rr =1*46 foot per second, the head due to 

• 84  

which by Ool. C of Table 15 is about i inch. The total head is 
therefore, i + i = f of an inch. To calculate with precision 
the discharge of short culverts, with a given Ml, the method 
explained in (56) should be followed. 

(64.) ^^ Head for very Low YdocUies" — ^In ordinary cases 
Table 30 gives results sufficiently correct for practical purposes 
with great fiEu^ility, but with very small velocities experiment 
has shown that the head is considerably greater than that Table 
would give. In such cases the more laborious and refined 
formulfe of Prony, Saint Tenant, and Eytelwein give more 
correct results. A comparison of these three rules with 96 ex- 
periments on the discharge of rivers shows that Eytelwein's 
rule agrees best with 38 experiments, Saint Yenant's with 32, and 
Prony's with 26. The following is a modification of Eytelwein'g 
rule: — 



58 



OANALS — SPIEOIAL BULBS FOB LOW VELOOITIJCII. 



= (!?^_JxA^^.8^i_ 6-634) x A; 

In which L = length of the channel in yards. 

A = crossHsectional area of the stream in square feet. 
P = the perimeter, or border of the channel in feet. 
F = the fall, or difference of level at the two ends of 

the channel in inches. 
= cubic feet discharged per minute. 



99 



99 



»9 



99 



(65.) Thus, say that we require the discharge by the channel, 
Fig. 40, 1 mile long, with a fall of 1 inch only, then L = 1760, A = 
62-5, P = 31-2, as in (58), and F = l,and the discharge will be 

rz\\ir +''■'} - «•»'*) X ''■' ' «^'' 

cubic feet per minute. We may compare this result with that 
giyen by the rule in (55), by which the discharge comes out 

/874520xl><62;5\i. ^ 1070 v.- 4^ * • * 

I — — — ^-— r — )^ X 62*5 =1972 cubic feet per minute = 

1972 

^^ = 1 * 21, or 21 per cent, difference. But with an increased 

head, the difference becomes less, and is reduced practically to 
nothing with large heads, as shown by Table 17. 

Table 17. — Of the Dibchabgb of an Open Channel, Fig. 40, 

calculated by Different Rules. 



Fall in 


Calculated Diaeharge. 


Difference 
per Cent. 


1 

By Table 30. 


IncbM 






per Mile. 


By Rule in (64). 


By Rule in (55). 












Velocity. Area. Discharge. 


1 


1629 


1972 


21-0 


31-5 X 62-5 = 1969 


2 


2444 


2788 


14-1 


44-6 ., 2788 


. 3 


3073 


3416 


111 


54-6 ,, 3413 


4 


3556 


3943 


10-9 


63 ,, 3938 


5 


4074 


4409 


8*2 


70-5 ,, 4406 


6 


4499 


4830 


7*3 


77-2 ,, 4825 


8 


5253 


5577 


6-2 


89-2 ,, 5575 


10 


5918 


6235 


5-3 


99-7 ,, 6231 


12 


6519 


6834 


4-9 


109-2 ,, 6825 


24 


9380 


9649 


30 


154-4 ,, 9650 


86 

1 


11576 


11831 


2-2 


189-1 ,, 11819 
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This shows that in all cases where extreme accuracy is desired, 
the rule in (64) should be used ; but that where the fall exceeds 
8 or 10 inches per mile, Table 30 gives results suficiently 
correct for most practical purposes. 

(66.) When the discharge is giyen, to determine the fall, the 
rule becomes 



F = 



(^ + 6-534Y- 42-8) x L x P 



896400 X A 



Thus the fall for friction with the same channel. Fig. 40, 2000 
yards long to deliyer 3000 cubic feet per minute would be 

("^^^^^ 6-534 Y- 42-8) x 2000 x 31-2 

^i2^5 / =3-26, or 3i inches. 

896400 x 62-5 
Adding the head due to yelocity at entry (51), the mean Telocity 

is /.qTk = ^^y •^^ ^® maximum -^-^ = 57 feet per minute, or 

•95 foot per second, the head for which by Col. C of Table 16 
is about i inch ; the total head is therefore 3^ -|- ^ = 3^ inches. 
(67.) Table 18 has been calculated by the following modifi- 
cation of Eytelwein's rule : — 

(V + '1089)« -•0118858 



8975 



= Xb • S. 



In which Y = the mean yelocity oyer the whole area in feet per 

second. 

T» i.1- V J T J- • i. i. area in square feet 
E = the hydraulic radius in feet, or -r; — =— ^ — -r-r — 

border in feet 

,. . fall in inches 

S = the slope, or . -r^- — ; — =— . 

length in inches 

By this Table approximately correct results may be obtained 
with less labour than by the rules. 

1st. To find the Velocity. — Multiply the area of the channel 
in square feet by the fall in inches, and diyide the product by the 
border in feet multiplied by the length of the channel in inches : 
find the nearest number thereto in Col. B of Table 18, and oppo- 
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die to tliat nnmber in Col. A is the required Telocity. Thiu 

62*5 V 1 
for the case in (65) we have 31.2 x (1760 x 36) = '^^^^^^^* 

the nearest number to which is '00003043 opposite '425 foot 
per second. By interpolation we may obtain a nearer approxi- 
mation ; for, as E . S varies nearly as V*, we have 
/'42yx'0000316 x^ or /:180625j<^316 a ^ 
i, -00003043 J "" \ -3043 ) *^^^ *^t per 
second, hence the discharge comes out '4331 x 60 x 62-6 = 
1624 cubic feet per minute, or practically the same as by the 
rule (66). 

Table 18. — ^For the Discharge of Canals, Rtvebs, &c., by 

Ettblwein's Rule. 





Mean Velocity 




Mean Velocity 








in Feet per 


R.S. 


in Feet per 


B.S. 






Second. 




Second. 








•025 


•0000006734 


•6 


•00005466 






•05 


•000001489 


•65 


•00006284 






•075 


•00000244 


•7 


•00007158 






•1 


•000003538 


•75 


•00008087 






•125 


•000004771 


•8 


•00009072 






•15 


•000006144 


•85 


•00010112 






•175 


•000007656 


•9 


•0001121 






•2 


•000009307 


•95 


•0001236 






•225 


•OOOOIU 


10 


•0001357 






•25 


•00001303 


11 


•00016146 






•275 


•00001510 


1-2 


•0001895 






•3 


•00001730 


1-3 


•00021984 






•325 


•00001966 


14 


•0002524 






•35 


•00002214 


1-5 


•00028703 






375 


•00002477 


1-6 


•00032402 






•4 


•00002753 


17 


•0003632 






•425 


•00003043 


1-8 


•0004047 






•45 


•000033484 


1-9 


•000448 






•476 


•00003666 


20 


•0004943 






•5 


•00003998 


2-5 


•000757 






•65 


•00004705 


30 


•001075 






▲ 


B 


A 


B 





2nd. To find the Fall. — Divide the given discharge by the 
given area* and by 60, which will give the mean velocity in feet 
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per second ; find the nearest number to that in Col. A, which, 
multiplied by the border in feet and by the length of the chan- 
nel in inches, and divided by the area in square feet will give 

the fall in inches. Thus, for the case in (66) we have -FnTn = 

48 
48 feet per minute, or ^tt = '8 foot per second, the tabular num- 

60 

ber for which is -00009072 ; then 

•00009072 X 31.2 X (2000 xJ6) ^ 3.^^ ^^^ 

6^*5 
as before. 

68, " Case of a MtU-strecm.^* — As an example of the practical 
application of the rules, we will take a case in which it is 
desired to utilize a stream of water for driving a corn-mill. Say 
we have a stream 1500 yards long, with a total fall of 6 ft. 6 in. 
from the tail of the preceding mill. We have first to ascertain 
the quantity of water at disposal : selecting a spot where the 
current appears to be tolerably uniform for some 100 feet, and a 
season when the quantity is an average one according to local 
authorities, say we take it at a point 24 feet wide as in Fig. 41. 
We have then to obtain the area of the stream, and to do that, may 
divide the width into eight equal spaces of 3 feet each, as in the 
Figure, which may be done conveniently by stretching a tape 
across the stream : then we measure the depths midway between 
those divisions or at 1 * 5 foot, 4*5, 7*5 feet, &c., &c., using a 
measuring rod with a flat board about 7 or 8 inches square at 
the end of it, to prevent penetrating the soft bottom ; and thus 
we obtain the series of measurements given in the figure, the 
mean of which we find to be 1 * 156 foot, the area is therefore 
1'156 X 24 = 27*74 square feet. To find the velocity, two 
lines may be stretched across the stream near the surface, and 
say a "chain" or 66 feet apart, and a float being placed a few 
yards above the highest one, and in the centre of the width, or 
rather where the velocity is observed to be greatest, the exact 
time in passing from line to line is carefully noted. This float 
should be a small piece of thin wood, say only j;-inch thick, so 
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as to be almost wholly immersed, and thns expose little surface to 
the action of the wind. Say that the float trayels the 66 feet in 

20 seconds, in one minute therefore it would be — ^ — = 

198 feet. This being the maximum Telocity, the mean (50) oyer 
the whole area would be 198 X * 84 = 166 feet per minute, hence 
the discharge is 166 x 27*74 = 4600 cubic feet per minute. 

(69.) The total fall is 6 feet 6 inches ; allowing 6 inches for 
the fall of the stream itself, the net faU at the wheel will be 
6 feet ; a cubic foot of water weighing 62 * 3 lbs. ; the horse- 
power being 83,000 foot-pounds; and allowing that a breast- 
wheel yields 60 per cent., or • 5 of the gross power of the water, 

, 4600 X 62-3 X 6x -5 ^^, a • * 

we have = 26 horse-power. A pair of 

4-feet stones, grinding 4 bushels of corn per hour, requires 
about 4 horse-power, and a dressing-machine about 6 horse; 
if we allow four pairs of stones, we should require 16 -f- 6 
= 22 horse-power, leaving 4 horse-power for the mill-gearing 
and small machines, &c. The diameter of the water-wheel 
may be about 2*5 times the fall, say 15 feet, and the speed 
of its circumference being 4 feet per second, or 240 feet per 
minute, and the depth of the bucket 1*5 foot, the width of 

the wheel would be ^rr?: ;.— r; = 12 * 8, say 13 feet. With other 

240 x 1*5 ' "^ 

kinds of water-wheel the duty would be different : a good over- 
shot wheel would give from 70 to 80 per cent., a breast-wheel 
from 45 to 60, and an undershot, in which the water acts only 
by its impulse, from 27 to 30 per cent. 

(70.) The channel must now be altered, so as to deliver 4600 
cubic feet per minute, with a fall of 6 inches in 1500 yards, or 

^^g^ = 7 inches per mile. When altered to the form 

24 + 12 
A, B, C, D, the area will be ^ x 3 = 54 square feet, the 

mean velocity to discharge 4600 cubic feet will be -rj- = 85*3 



WKIR8 — OVKUPLOW-PIPES, ETC. 63 

feet per minute; the border is 6'7-|-12 -{- 6*7 = 25*4 feet, 

64 
and the hydraulic radius h^-t = 2-126 feet. Then by Table 30 

25*4 

between 2 and 2*2 radii, the yelocity 85*2 feet is found to be 

under the fall of 7 inches per mile, the fall we allowed. It 

should be obseryed that it is imperative that the slope shall be 

uniform from end to end, at least where the area of the channel 

is uniform. 



CHAPTEE lY. 

ON WEntS, OYBBFLOW-PIPES, &0. 



(71.) " Weirs" — Fig. 36 shows a weir arranged for the pur- 
pose of gauging experimentally the quantity of water passing 
down the stream. A isa plate of thin iron with a notch cut out 
of it wide enough by estimation to carry off the water with a 
moderate depth of OYerfall ; this is screwed to a thick plank B, to 
obtain the requisite stiffiiess for the plate, and the whole is fixed 
in the stream as shown. C is a stake with a flat and level top, 
which is driven into the bed of the stream to such a depth that 
its top is exactly level with the lip of the weir, and the depth of 
water flowing over is measured by a common rule held on its 
summit. The proper distance of the stake from the weir de- 
pends on the quantity of water to be dealt with ; in small weirs 
it may be from 1 to 2 feet, in very large ones 20 to 25 feet ; the 
object is to place it far enough away to avoid the curvature of 
surface which the water suffers as it approaches the weir, as 
shown by the Figure. There is some uncertainty in measuring 
by a rule in the manner indicated, arising from the capillary 
attraction causing the water to adhere to the rule and to rise 
aoove its true height. A more correct method is to use Francis's 
hook-gauge, a rough modification of which is shown by Fig. 36. 
The stake J is, in this case, dnven to such a depth that its top 
is at a height convenient to the eye, say 30 inches above the level 
of the lip of the weir ; then a rough hook-gauge D, formed of 
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wood about 1 inch thick, is cut in the form shown, the end E 
being flat and level, and the length E F made: exactly equal to 
G H or 80 inches. The hook-gauge is held against the stake, 
and carefully adjusted, by the hook at E being first immersed, 
and then raised until it just coincides with the surface of the 
water ; the depth of overflow is then given by the distance from 
the top of the stake to the top of the gauge at F, measured by a 
rule, &c. 

(72.) With a thin plate, and depths thus measured from still 
water, we have the following rules : — 

G = dx V^X Ix 2-67 



dx Vdx 2-67 

^ - ( v'^)" 



In which G s gallons discharged per minute. 
„ d = depth of overflow in inches. 
„ Z = length of weir in inches. 

Thus, with 2 inches overflow, a weir 72 inches long discharge 

2 X 1'414:2 X 72 X 2-67 = 543*7 gallons per minute; again, 

to discharge 694 gallons per minute, with 3 inches overflow, we 

694 

should require a length of ^r ^ „^^ — tt-f^ = 50 inches ; and 

^ 3 X 1'732 X 2*67 

again, to And the depth of overflow to carry 1282 gallons, with 

1282 ^ 3/- 

a length of 60 inches, we have go y 2*67 ~ ^' ^ ^^ v 8 = 2, 

and 2* = 4 inches, the depth required. Table 19 has been calcu- 
lated by these rules, and its use may be illustrated by the ex- 
amples just given ; thus with 2 inches overflow the Table gives 
7 ' 552 gallons per inch, and a weir 72 inches wide will discharge 
7*552 X 72 = 543*7 gallons; a weir with 3 inches overflow 
discharges 13 '87 gallons per inch of width, and for 694 gallons 

694 
we require a length of .. = 50 inches ; a weir 60 inchefl 
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1282 
long discharging 1282 gallons is equal to -^^r- = 21*36 gallons 

per incli wide, which by the Table is due to 4 inches OTerflow, &o. 

Table 10. — Of the Dischakgb of Water over Weies, 1 inch wide, 

in Gallons per Minute. 



Depth. 


Gallons. 


Depth. 


Gallons. 


Depth. 


Galloni). 


Depth. 


Gallons. 


Depth. Gidlons. 


Inch. 




inch. 




inch. 




inch. 




inch. 




i 


•3338 


5 


29 


'85 


16i 


179 


•0 


52 


1001 


89 


2242 




•6132 


H 


30 


97 


17 


.187' 


1 


53 


1030 


90 


2280 




•944 


4 


32' 


12 


17i 


195 


5 


54 


1060 


91 


2318 




1-329 


5| 


33 


26 


18 


203 


•9 


55 


1089 


92 


2356 


* 


1-734 


4 


34- 


44 


19 


221' 


1 


56 


1119 


93 


2395 


i 


2-185 


6| 


35 


•62 


20 


238' 


•8 


57 


1149 


94 


2433 


1 


2-670 


5| 


36" 


•85 


21 


256' 


•9 


58 


1179 


95 


2472 


li 


3-185 


4 


38 


•02 


22 


275' 


5 


59 


1210 


96 


2512 


i| 


3-818 


6 


39 


24 


23 


294 


•4 


60 


1241 


97 


2551 


If 


4-305 


6i 


41 


72 


24 


313 


•9 


61 


1272 


98 


2590 


n 


4-905 


6i 


44- 


25 


25 


a33 


8 


62 


1304 


99 


2630 


ll 


5-531 


6| 


46- 


82 


26 


354 


•0 


63 


1335 


100 


2670 


ll 


6-167 


7 


49- 


45 


27 


374 


'6 


64 


1367 


101 


2711 


ll 


6-855 


7i 


52- 


12 


28 


395' 


•6 


65 


1399 


102 


2751 


2 


7-552 


7i 


54 


84 


29 


417 





66 


1432 


]03 


2791 


2i 


8-271 


7* 


57' 


61 


30 


438' 


•7 


67 


1464 


104 


2825 


2J 


9-011 


8 


60- 


41 


31 


460 


•8 


68 


1497 


105 


2873 


2} 


9-773 


8i 


62' 


54 


32 


483 


3 


69 


1531 


106 


2914 


4 


10-55 


H 


66- 


17 


33 


506' 


1 


70 


1564 


107 


2955 


2| 


11-36 


H 


69' 


11 


34 


529' 


3 


71 


1597 


108 


2997 


^ 


12-18 


9 


72 


09 


35 


552' 


8 


72 


1631 


109 


3039 


H 


13-02 


9* 


75 


12 


36 


576' 


7 


73 


1665 


110 


3080 


r 


13-87 


4 


78' 


•18 


37 


600' 


9 


74 


1700 


111 


3122 


^ 


14-75 


9| 


81' 


29 


38 


625' 


4 


75 


1734 


112 


3165 


4 


15-64 


10^ 


84' 


43 


39 


650' 


4 


76 


1769 


113 


3207 


8} 


16-55 


lOi 


90 


84 


40 


675' 


5 


77 


1804 


114 


3250 


4 


17-48 


11 


97' 


41 


41 


700' 


9 


78 


1839 


115 


3293 


3f 


18-42 


iH 


104 


1 


42 


726' 


•7 


79 


1875 


116 


3336 


8) 


19-39 


12 


111 





43 


752' 


•9 


80 


1910 


117 


3379 


8* 


20-37 


12i 


118 





44 


779 


3 


81 


1946 


118 


3422 


4. 


21-36 


13 


125' 


1 


45 


806 





82 


1983 


119 


3466 


H 


22-37 


13J 


132 


5 


46 


832 


•8 


83 


2019 


120 


3510 


44 


23-39 


14 


139' 


8 


47 


860 


3 


84 


2056 


121 


3553 


4 


24-38 


14i 


147' 


•4 


48 


887 


'9 


85 


2093 


122 


3598 


^ 


25-49 


15 


155 


1 


49 


915 


•8 


86 


2130 


123 


3642 


If 


26-56 


15i 


163 





50 


944 





87 


2162 


124 


3687 


4 


27-64 


16 


170-9 


51 


972-4 


88 


2204 


125 


3731 


4 


28-74 
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(73.) ** Effect of Thickness of Crest"— When the lip of the 
weir has a considerable thickness, which is frequently a practical 
necessity, the discharge will be less than with a thin plate, a loss 
arising from Motion. Mr. Blackwell's experiments, made on a 
large scale, and with depths of oyerfall ranging £rom 1 inch to 
14 inches, give ns the following coefficients, by which Table 19 
may be adapted to the forms commonly met with in practice : — 



Thin plate, weir 10 feet long 

Plank, 2 inches thick, square edged, weirs 3, 6, 10 feet long 
Crest, 3 feet thick, level at the top, „ „ „ 

^ „ sloped top, slope 1 in 12 to 1 in 18 



Ratio of 
Discbarge. 



1-000 
•845 
•712 
•760 



Thns, say we have a rivei;-weir 30 feet wide, with 6 J inches 
cyerfEdl, the crest haying a slope of 1 in 12, then the discharge 
wiU be 44-25 x 860 x '76 = 12,107 gallons per minute, or 

-r-— r- = 1943 cubic feet. 
6-23 

(74.) Table 19 may be applied to rectangular apertures like 
Fig. 35, for the discharge in such a case is the difference between 
two weirs. A, B, C, D, and A, E, F, D ; say the head to the top of 
the aperture (A, B) is 164- inches, and to the bottom (A, E) 
22 inches, and that the width (E, F) is 20 inches. Then, by 
Table 19, 22 inches = 275*5 gallons per inch, and 16^ inches = 
179 - gallons ; the difference is, therefore, 275 - 5 - 179 - = 96 • 6, 
and the discharge 96*5 x 20 = 1930 gallons ; but as contraction 
occurs on four sides in this case, see (51), the real discharge 
would be 1930 x -635 ^ -667 = 1837 gallons per minute. 
The coefficients in (73) do not apply to apertures with large 
heads. 

Similarly we may determine the discharge of round apertures, 
or approximately of any regular figures, which will not differ 
materially from that of a circumscribing rectangular opening, 
reduction being made for the true area of the figure whose dis- 
charge is required. Thus, say we require the discharge of a 
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circular aperture 12 inclies diameter, the head measured from 
the upper edge of the orifice being 14 inches, therefore, 26 inches 
above the lower edge. Here we have 354 '0 — 139*8 = 214*2 
gallons per inch wide, and if the aperture were rectangular it 
would discharge 214*2 x 12 = 2570*4 gallons; but being oir- 
oular its area is * 7854, that of a circumscribing rectangle being 
1*0, and the true discharge is 2570*4 x '7854 x '635 -f- '667 
^ 1922 gallons per minute. 

(75.) ''Effect of VehcUy of Approach to Weirs, <fec."— We 
have so far supposed that the head has been measured from still 
water, or that the channel was of very large area in proportion 
to the discharging orifices. When the channel is of small area, 
the water will have a sensible velocity as it approaches the aper- 
ture, which will increase the discharge, and correction must be 
made for it by adding to the measured head, that due to the ob- 
served velocity of approach. Table 15 gives, the head due to a 
range of velocities such as are likely to be met with in ordinary 
practice ; thus, in the case of a weir 60 inches wide, with 
3| inches overfall, the discharge = 18 '42 x 60 = 1105 * 2 gallons, 
but if the velocity of approach had been 66 feet per minute or 
1 * 1 foot per second, we find the head due to that velocity in 
Col. B = i inch, and the head on the weir becomes 3f -j- i = ^h 
and the discharge 20*37 x 60 = 1222 gallons. More strictly, 
it is the difference between two weirs with the respective over- 
faUs of i inch and 3|, or (20*37 - * 3338) x 60 = 1202 gallons, 
instead of 1105* 2 gallons, as we found it for still water. 

(76.) " Correction for Short Weirs" — The rules in (72) assume 
that the discharge of a weir is simply proportional to its length. 
This is not strictly correct ; in ordinary cases where the weir is 
narrower than the channel, the issuing stream suffers contraction 
at the two ends, by which its length is virtually reduced, and as 
this contraction is about the same with all lengths its effect is 
proportionally greater with short weirs than with long ones. 
The experiments of Francis show that the eflfect of contraction 
at both ends is to reduce the effective length * 2 inch for each 
inch in depth of overfall, or 1 inch with 5 inches deep, 2 inches 
wiih 10 inches deep, &c. With 5 inches overfall, and weirs 

F 2 
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5, 10, 20, 50, and 100 inches long, Table 19 gives 149, 298, 
597, 1492, and 2985 gallons per minute; but deducting one 
inch from all those lengths, they are reduced to 4, 9, 19, 49, and 
99 inches, and the discharges become 119, 268, 567, 1462, and 
2955 gallons. Francis gives a rule for weirs with thin plates, 
of which the following is a modification : — 

G = 2-4953 xQ- O'lnd) x ^ 

In which n = the nimiber of end contractions (osuallj two), 
ftnd the rest as in (72). Where the weir is the full width of 
the channel, « = 0. By this rule, with the real lengths given 
above, the discharges come out 112, 251, 530, 1367, and 2762 
gallons, which are rather less than with the reduced lengths by 
Table 19. 

(77.) « Overflouhpipes to Tanks, cfcc."— The rules and Table 
for weirs apply also with approximate correctness to an overflow- 
pipe to a tank, as in Fig. 46, which may be considered as a cir- 
cular weir whose leng^ is equal to the circumference of the 
trumpet-mouth. The following rules will give the same result 
more directly : — 

G = DxVBx<ix8-4 
G 



d = 



8-4 X D X Vd 



" = i^^:)' 



In which d = the diameter of the trumpet-mouth in inches, 
D 3= depth of water over the lip (measured from still-water) in 
inches, and G = gallons discharged per minute : Table 20 has 
been calculated by this rule. The size of the discharge-pipe A 
must be determined by the ordinary rules ; with short pipes the 
discharge is governed principally by the head due to velocity, 
which is given by Table 1 rather than Table 2 for a pipe of this 
form. For tanks 3 feet deep, and with a discharge-rpipe of that 
length, Table 21 gives the maximum discharge. Say we had 
to provide for 400 gallons per minute : — Table 21 shows that 
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4 inches is the smallest size of pipe admissible, and allowing 
2]^ inches for orerflow, Table 20 giyes 12 inches for the least 
diameter of trompet-month. We must allow some margin for 
contingencies, and in such a case, the lip of the trmnpet-month 
shonld not be less than 3 inches below the top of the tank, and 
thus 8 inches is practically lost in the useful depth of the tank. 

Table 21. — Of the Maxihitm Dischaboe of Yebtical Pipes 

3 Feet long. 



Diaoieteror 

Pipe 
in Inches. 



1 

u 

2 
3 



Maxnnnm Db* 

cliaT^ in Oallons 

per Minute. 



19 

45 

88 

145 

220 



Ihmneterof 

Pipe 
In [nchee. 



3| 

4 
5 
6 
7 



Maxinram Dis- 
charge in Gallons 
per Minute. 



»)3 
400 
630 
920 
1300 



(78.) Fig. 47 shows a simple contriYance of the late Mr. Appold, 
by which this loss may be avoided, and the water-level not 
allowed to rise more than about -|^th of an inch above the lip of 
the trumpet-mouth, even when the descending pipe is discharg- 
ing full-bore. B is a dished cover of sheet copper, <S:c., supported 
on four brackets C, C, cast on the pipe, so that its lip at D is 
at the same level as the lip of the trumpet-mouth. When the 
water rises to that level, it does not immediately flow over when 
the lip is dry, but rises perhaps -j^th of an inch above it, and 
then, suddenly overflowing, creates a partial vacuum under the 
cover, causing the water to rise there above the level of the water 
in the tank and filling the pipe full-bore. The air under the 
cover is swallowed up by the rush of the water, and the maximum 
quantity which the pipe can carry is delivered. This continues 
till, the water being drawn down below the lip of the cover at D, 
air enters, and the action suddenly ceases, to be again repeated 
should the water rise. As the action depends on the suction of 
the down-pipe, which will not be perfect if the bore is not well 
filled, it is exoedient not to make that pipe much larger than 
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necessary. It is usual to construct the pipe so as to serve as a 
wash-out yalye, the joint at the bottom being turned and bored 
to fit water-tight. 

(79.) " Overflows to Fountains" — In ornamental fountains with 
shallow basins it is important that the water-level should fluc- 
tuate as little as possible ; hence the form of overflow-pipe just 
described is specially applicable to such cases. It is generally 
desirable that the pipe should be concealed, which may be done 
by flxing it in a small supplementary cistern by the side of the 
fountain basin, with a large passage between them. For small 
fountains with say 100 gallons per minute, an inverted overflow- 
pipe may be used, as in Fig. 42 ; a short pipe A, which serves 
also as a waste-pipe to empty the basin when necessary by the 
cock B, carries the overflow trumpet-mouth C. Say we have 100 
gallons ; then with a 6-inch pipe at A, the head for velocity at 
entry would be about 1 inch, and with a 12-inch trumpet-mouth 
the head for overflow, by Table 20, is also 1 inch, so that the 
water-line would fluctuate 2 inches. The cock B may be of 
smaller size, say 8 inches, the end of the pipe being reduced to 
suit it. With care, such an arrangement might be used for a 
very large quantity, by adjusting the cock so as to carry rather 
less than the supply, leaving the trumpet-mouth to carry off the 
surplus and regulate the level. 

(80.) " Common Overfl^m-jpijpe,*' — When an overflow takes the 
form of a short pipe inserted in the side of a cistern, as in Fig. 45, 
and the water to be carried off is just suf&cient to All the pipe, the 
discharge will be given approximately by the following rule : — 

G = d** X 3-2; 

In which G = gallons discharged per minute. 
„ d = diameter in inches. 

Table 22, which has been calculated by this rule, may also be 
useful for another purpose. It sometimes happens that the only 
datum which an engineer obtains as a basis for rough estimates 
is, that a spring or stream delivers ^ about as much as a pipe of 
a certain size would carry.*' This, of course, is very indefinite^ 
but in most cases it means tho amount which a pipe would dia* 
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cliarge without extra pressure, as in Fig. 45 and Table 22 : Ham 
an 8-inch pipe just filled deliyers about 580 gallons per minute : 
— the pipe in (37) was observed to be nearly filled with th6 
issuing stream when discharging 564 gallons. 





Table 


22.— Of the Discharge of Outlet-pipes, Fig. 45. 




i Diameter. 


GftlloDfl per 


Diameter. 


GallauBper 


Diameter. 


Gallons per 




inched. 


Minute. 


Inchea. 


Minute. 


Inchea 


Minute. 


1 




1 


3-2 


1 

5 


179 


13 


1950 






U 


8-8 


6 


283 


14 


2346 






2 


181 


7 


415 


15 


2788 






2} 


31-6 


8 


580 


16 


3277 






3 


600 


9 


778 


17 


3814 






^ 


73-3 


10 


1012 


18 


4400 






4 


112-4 


11 


1284 


19 


5037 






4i 


138 


12 


1600 


20 


5725 





CHAPTER V. 

ON THE STBBNOTH OF WATEB-PIPES — BAINTALL, &0^ &0, 

(81.) «* Strength of Thic^ Pipe«."— The strength of pipes to 
resist an internal pressure is not simply proportional to the 
thickness of metal. The material stretches or extends under a 
tensile strain, and the result of extension is, that the inside 
metal is more strained than that of the outside, and that thick 
pipes are weaker in proportion to their thickness than thin ones. 
Barlow has given the following rules :—* 

RXP 



T = 



P = 



S = 



S-P 

SxT 
R+T 

(R + T)xP , 
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In which S 
- P 



n 



R 
T 



the GolieBiYe strength of the metal per square 

inch, 
the internal pressure per square inch, in the 

same terms as S. 
the radius of the inside of the pipe in inches, 
the thickness of metal in inches. 



For cast-iron 8 may be taken at 7*142 tons, or 16,000 lbs. per 
sqoare inch, and with that strength we obtain the bursting pres- 
sure given by Table 23, which shows that with a 10-inch pipe 
a thickness of 10 inches gives only four times the strength due 
to a thickness of 1 inch. 

Table 23. — Of the Strength of a lO-mcH Cast-ibon Pipe to Bbsist 
Internal Pbessube, in Tous per Square Inch. 



Thickness in inches 
Pressure by Barlow's rale 
Ftessure by exact calculation 



1 

1-19 
1-226 



2 
2-04 
2-161 



3 

2-68 
2-896 



4 
3-17 
3-485 



5 

3-57 
3-972 



Thickness in inches 
Pressure by Barlow's rule 
Pressure by exact calculation 



6 


7 


8 


1 

1 

9 


3-90 


417 


4-40 


4-59 


4-337 


4-722 


5-019 


5-275 



10 
4-76 
5-5 



Barlow's rule supposes that the extensions are simply propor- 
tional to the strain, which is not quite correct ; by taking the true 
extensions we obtain the second series of bursting pressures given 
in the Table by a calculation which need not be here elaborated. 

(82.) " Strength of Hun Pipes" — Barlow's rule is quite inap- 
plicable to comparatively thin pipes, such as are commonly used 
for water and gas ; there are other and practical considerations 
which that rule does not contemplate. With thin pipes and 
moderate pressures, we have to consider not only the thickness 
necessary to bear the pressure, but also that required to bear the 
traffic along the roads in which they are commonly laid. Again, 
although great care is taken to keep the oore central, it is seldom 
perfectly so ; a pipe intended to be ^inch thick is frequently 
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PROPORTIONS OF SOCKET-PIPES. 75 

ftlis at one side and fths at tlie other, and of course the least 
thickness governs the strength of the pipe. And again, there 
are in most cases shocks arising &om the closing of cocks, &c^ 
against which it is necessary to provide adequate strength. In 
thin pipes, therefore, the determination of the thickness becomes 
a practical question, and we must obtain an empirical rule from 
experience. The rule may take the following form : — 



' = (f +-'')+(S)> 



In which D = the diameter of the pipe in inches. 
„ H = the safe head of water, in feet. 
„ t = the thickness of metal in inches. 

Tabic 24 has been calculated by this rule, and we have also 
given the approximate weights, from gas-pipes in which the 
pressure is practically nothing, up to 1000 feet of water. Engi- 
neers usually specify the weight of their pipes rather than the 
thickness, leaving the foimder to fix that for himself, which long 
practice enables him to do with considerable precision. Of 
course absolute correctness cannot be attained, and should not 
be expected; a margin should be allowed, say one pound to 
the inch, either way ; so that, for instance, a 10-inch pipe for 
100 feet head, specified to weigh 4 cwt. 2 qrs. 10 lbs., as per 
Table 24, should not be rejected if its real weight is between 
4 cwt. 2 qrs. lbs. and 4 cwt. 2 qrs. 20 lbs., &c. Founders con- 
sider this to be a fair allowance for variation in weight. 

(83.) ^^Proportions of Socket-pipes*' — The joints of water- 
pipes are usually made by sockets and spigots run with melted 
lead ; and this is the best mode. Such pipes are easy to cast, 
and consequently cheap, the joints are more easily made than 
with flanges, and they admit a considerable departure from the 
strictly straight line which is sometimes very convenient. But 
to allow for this the sockets must be made of larger diameter 
than is necessary where the line is straight, and for this reason, 
perhaps, sockets are frequently made larger than they should be 
for making a good joint. For ordinary cases ^ inch in thickness 
or ^ inch in diameter will suffice for pipes of 3 inches diameter 



I 
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and under ; say ^ from 3 to 10 inches ; and | for larger sizes. 
Table 25 gives the general proportions for socket-joints, weight of 

Table 26. — Of the Peoportions of Joints, &c., for Cast-ibon 

Socket- PIPES. 



IHameter 

of Pipe 

Inlnchea. 


Depth of 
Socket. 




LMd-Joint. 




Thicknesa. 


VesiOi. 


Weight in lbs. 




iDcheiw 








H 


3 


i 


H 


1-2 


2 


3 


i 


H 


1-4 


^ 


3i 


i 


H 


1-6 


3 


H 


i 


1* 


2-3 


4 


4 


A 


2 


4-0 


5 


4 


A 


2 


60 


6 


H 


A 


2i 


6-5 


7 


H 


A 


2i 


7-7 


8 


M 


A 


2i 


8*2 


9 


H 


A 


2* 


10-4 


10 


H 


•A 


2* 


11-5 


12 


4* 


1 


2* 


ISO 



Laying 

per yard. 

Prime Cost. 



<. d. 

11 

1 
1 1 
1 2 

1 3 

1 5 

1 7 

1 10 

2 1 

2 6 

3 4 

4 6 



lead, &c. : we have also added the average cost of laying pipea^ 
induding excavating the ground and making good the same ; this 
will vary of course with the nature of the ground and the cost of 
labour in different localities. 

In Table 26 we have given the weights of socket-pipes and 
connections by Bailey, Pegg, and Co., of Bankside, Soutiiwark : 
by reference to Table 24 it will be seen that these pipes are of 
a weight and strength suitable for about 150 feet head in the 
larger sizes, and 250 feet in the smaller ones. 

(84.) ^^ Proportiom of Flcmge-pijpes." — Flange-pipes are not 
very often used for water, for reasons already given ; but they 
are convenient for temporary purposes, where the joints have to 
be frequently broken. Table 27 gives the best proportions for 
the flanges, bolts, &c., which will be found to differ considerably 
from those adopted by many makers. The flanges of cast-iron 
pipes are frequently made excessively large in diameter and very 
light in metal. India-rubber rings form the most convenicaii 
kind of joint for flange-pipos. 
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Table 27. — Of the Pbofobtionb of Cast-ibok Flange-pipes. 



Diameter of 


Diameter «f 


ThickneBsof 


No.ofBolta. 


Diameter of 


DliaettTat 


Kpe. 


Flange. 


Flange. 


Botta. 


CbdeofBoito. 


inches. 


inches. 


incho. 




indies. 


indie*. 


H 


*t 




3 


f 


s* 


2 


H 


•* 


3 


A 


?* 


^ 


6 




4 


A 


H 


3 


«i 




4 


i 


5 


4 


8 




4 


A 


6i 


5 


»t 




4 


A 


I* 


t> 


lot 




6 


A 


,5* 


7 


12 


4 


6 


* 


10 


8 


ISi 




6 


i 


11* 


9 


141 




6 


1 


12i 


.10 


16 


1 


6 


i 


l^ 


12 


18i 


1 


6 


i 


16 



(85.) <' StrengOi of Lead Ptpes."— The strength of lead pipe 
piay be calculated by Barlow's mle (81), taking the cohesiye 
strength of drawn lead at 2745 lbs. per square inch, as deter* 
mined by direct experiment* Lead pipes are made of varions 
weights to snit the varying requirements of practice; taking 
medinm weights, and deducing the thickness therefrom, we 
obtain the following Table, in which the safe working pressure 
is taken at -^th of the bursting strain : — 



Diameter of pipe 

height of pipe, lbs. per foot 

Safe pressure, feet of water 



1-33 
232 


1 i 

1-47 1-87 

183 174 

 


1 
2-80 
151 


li H 

4-33 60 

152 j 140 


6-15 
122 



2 
GO 
116 



(86.) " Power of Morses, dc^ in raising WcUer.'* — The power of 
men, horses, &c., in raising water varies with the duration of the 
labour. The following Table gives the number of gallons raised 
1 foot high per minute, with common deep-well pmnps, and the 
mean velocity in feet per minute. 



Velocity. 


Hours per Day. 


4. 


6. 


6. 


8. 


10. 


176 


Horse, walking in a circle 


1653 


1480 


1350 


1169 


1040 


180 


Pony, or mule, ditto 


1102 


986 


898 


780 


697 


120 


BuUock, ditto 


1470 


1314 


1200 


1040 


930 


157 


Ass, ditto 


457 


410 


374 


323 


290 


220 


Man, with winch pump .. 


249 


222 


203 


176 


157 


T 


Ditto, Contractor's pump 


205 


183 


167 


145 


130 
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A good high-pressnre steam-engine should raise 3300 gallons 
1 foot high per minute per nominal horse-power ; the Motion of 
the pumps being compensated by the excess of the indicated 
power over the nominal. 

(87). " Bainfall," — The depth of rain in this country varies 
yery much with the locality ; the east coast is the driest, the 
annual rainfall being in Northumberland about 28 * 67 inches, 
diminishing thence gradually to 23 in Norfolk and to 19 * 8 in 
Essex, which IS the niinimuTn. Thence southward and westward 
it gradually increases to 25*6 in Kent, 30.64 in Sussex, 38*75 
in Dorset, 48 * 3 in Devon, and 60 • 6 in Cornwall. The midland 
districts have a medium fall : Middlesex 24 * 1, Leicester 26*0, 
Hereford 29*27, Cheshire 31*3, &c., &c. 

" Heavy Bains" — For town drainage and other purposes, we 
require to know the maximum fall of rain during storms. We 
find that in 



15 15 30 45 60 
the maximum fall of rain may be 
0*2 0*75 10 1-8 2-5 3-25 
which is at the rate per hour of 
12 9 4 3-6 3*3 3-25 



120 180 minutes 



3*6 4 inches. 



1-8 1-33 inches. 



" Bain-water Tanhs.^* — Where it is desired to utilize as much 
as possible of the rain falling on a building, the minimum size 
of tank becomes an important but complicated question. Taking 
a place with 24 inches annual rainfall, we have evidently an 
allowance for a regular consumption of 2 inches per month. 
But there may be a drought in which for one month no rain 
falls, and the tank must have 2 inches in store to supply the 
deficiency. There may also be a wet month with 6 inches of 
i*ain, and as only 2 inches is consumed, 4 finches must be stored. 
The tank must therefore hold 2 -j- 4 = 6 inches, or Jth of the 
annual rainfall. Again, for two months we require 4 inches, 
but the rainfall varies from 1^ to 7^ inches, and the tank must 
hold (4 — 1^) -(- (74" — 4) = 6 inches, as before. For three 
months we require 6 inches, but the rainfall varying from 2*4 
to 8-7 inches, the tank should hold (6 - 2*4) + (8*7 - 6) =« 
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6 * 3 inches. From all tliis we find that a rain-water tank should 
hold at least ^th of the annual rainfall. Thus, with 24 inches, 
or 2 feet per year, a building 1830 square feet in area, collects 
1830 X 2 = 3660 cubic feet, allowing a consumption of 10 cubic 
feet, or 62 * 3 gallons per day, and the tank should hold 3^0 -f- 
4 = 915 cubic feet. 

(88.) " WeiglU and Presgure of Water."— A gallon of water 
at 62^ weighs 10 lbs., and contains 277*274 cubic inches, or 
* 16046 cubic foot : hence a cubic foot weighs 62 ' 321 lbs., and 
contains 6*2321, or nearly 6^ gallons. Table 28 gives the 
pressure in pounds per square inch due to given columns of 
water and mercury. 

Tablb 28. — Of Equivalent Pbbssures in Pounds per Square Inch, 
Feet of Water, and Inches of Mercury, at a Temperature of 
62° Fahr. 



PomidBper 


Feet of 


IncbcB of 


Pounds per 


Feet of 


Inches of 


Square Inch 


Water. 


Mercury. 


Square Inch. 


Water. 


Mercury. 


1- 


2-311 


2046 


2-5962 


6- 


5-31198 


2- 


4-622 


4-092 


3-0289 


7- 


6-19731 


3- 


6-933 


6-138 


3-4616 


8^ 


7 08264 


4- 


9-244 


8-184 


3-8942 


9- 


7-96797 


5- 


11-555 


10-230 


-48875' 


1-12952 


1- 


6- 


13-866 


12-276 


•97750 


2-25904 


2- 


7- 


ie-177 


14-322' 


1-46625 


3-38856 


3- 


8- 


tS-iS8 


16-368 


1-95500 


4-51808 


4- 


9- 


20-800 


18-414 


2-44375 


5-64760 


5- 


4327 


1- 


•88533 


2-93250 


6-77712 


6- 


•8654 


2- 


1-77066 


3-42125 


7-90664 


7- 


1-2981 


3- 


2-65599 


3-91000 


9-03616 


8- 


1-7308 


4- 


3-54132 


4-39875 


10-16568 


9- 


2 1635 


5- 


4-42665 









Example. — Bequired the Pressure per Square Inch, and Eqoivvleiil 
Column of Mercury for a Head of 247 feet of Water. 



Feet of 


Pounds per 


Inches of 


Water. 


Square Inch. 


Mercury. 


200 


= 86-54 or 


177-066 


40 


= 17-308 „ 


35-413 


7 


3029 „ 


6197 



247 = 106-877 



n 



218-676 



14 



15 



16 



18 



20 



21 



24 



510-02 


11-50 


13-09 


16-56 


20-45 


22-53 


29-45 


peo-03 


23 


•00 


26-18 


33' 


12 


40-91 


45-07 


58-90 


m-os 


34- 


60 


39-27 


49' 


68 


61-36 


67-61 


88-35 


%0-06 


46' 


02 


52-36 


66' 


23 


81-81 


90-14 


117-8 


5$0-08 


57" 


'50 


65-46 


82' 


80 


102-3 


112-7 


147-3 


ouo-io 


69" 


•00 


78-64 


99' 


86 


122-7 


135-2 


176-7 


Isro'ii 


80 


54 


91-63 


115' 


9 


143-2 


157-7 


206-1 


teo-13 


92 


•04 


104-7 


132' 


5 


163-6 


180-3 


235-6 


510*14 


103 


•6 


117-8 


149' 





184-1 


202-8 


265-1 


1)0-2 


115 


•0 


130-9. 


165' 


6 


204-6 


225-3 


294-6 


(510-2 

aw-2 


126 


5 


144-0 


182' 


1 


226-0 


247-9 


323-9 


138 


•1 


157-1 


198' 


•7 


245-4 


270-4 


863-4 


6(0-2 


149" 


•6 


170-2 


216 


2 


266-9 


293-0 


882-8 


ltO-2 


161 


1 


183-3 


231 


•8 


286-4 


316-6 


412-8 


»0-2 


172 


•6 


196-4 


248' 


•4 


806-8 


338-0 


441-7 


UO-2 


184 


•1 


209-4 


264' 


•9 


327-2 


360-6 


471-2 


8ro-3 


195 


•6 


222-5 


281' 


•5 


347-7 


383-1 


500-6 


30-3 


207 


1 


235-6 


298' 


•0 


368-2 


405-6 


530-1 


7)0-3 


218' 


•6 


248-7 


314 


•6 


388-6 


428-2 


559-5 


2fO-3 


230 


•1 


261-8 


331 


•1 


409-1 


450-7 


589-0 


20-3 


253 


•0 


288-0 


364' 


•3 


460-0 


495-8 


647-9 


aO-4 


276 


•1 


314-2 


397' 


•4 


490-9 


540-8 


706-8 


210-4 


299 


•1 


340-3 


430' 


•5 


531-8 


585-9 


765-7 


30-6 


322 


•1 


366-5 


463' 


•6 


672-7 


681-0 


824-6 


g|o-6 


345 


•0 


392-7 


496' 


'8 


613-6 


6760 


883-5 


$0-5 


368 


•2 


418-9 


629 


•8 


664-5 


721-1 


942-4 


90-5 


391 


•2 


445-1 


563 


•0 


695-4 


766-2 


1001 


110-6 


414 


•2 


471-2 


596' 


•1 


736-3 


811-3 


1060 


j(0-6 


460' 


•0 


523-6 


662' 


3 


818-1 


901-4 


1178 


^0-6 


483 


•0 


549-8 


695' 


•4 


859-0 


946-5 


1237 


4|0-6 


506 


•0 


576-0 


728' 


•5 


900-0 


991-6 


1296 


|0-7 


529 





602-1 


761' 


6 


940-9 


1037 


1355 


BO-7 


552 


2 


628-3 


794- 


•8 


981-9 


1082 


1414 


Bo* 8 


675' 


•2 


654-5 


827' 


9 


1023 


1127 


1472 


BO'8 


598' 


•2 


680-7 


861' 





1064 


1172 


1531 


yk)-8 


621 


•3 


706-9 


894' 


1 


1104 


1217 


1590 


Ho*9 


644' 


•3 


733-0 


927' 


2 


1145 


1262 


1649 


100-9 


667 


•3 


769-2 


960' 


'3 


1186 


1307 


1708 




690-0 


785-4 


993-6 


1227 


1352 


1767 


1 
1 


t 
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12 



0<(182 



16 



1023 



20 



1364 



26 



1704 



80 



2045 



40 



•2727 



60 



'3409 



Hydranlle 
BadiQsin 



15p8 
1657 
17)3 

18^6 



94 
134 
164 
189 
211 

282 

250 
267 
284 
299 

314 
328 
341 
354 
366 

378 
390 
401 
412 
423 

444 
463 
482 
500 
618 

585 
551 
567 
583 
598 

627 
655 
682 
708 
733 

791 
846 
896 
946 



109 
154 
189 
218 
244 

268 
289 
309 
328 
345 

362 
378 
394 
409 
423 

437 
450 
464 
476 
488 

512 
535 
657 

578 
698 

618 
637 
656 
673 
691 

724 
757 
788 
817 
846 

914 

977 

1036 

1092 



122 
173 
211 
244 
272 

299 
323 
346 
366 
386 

405 
423 
440 
457 
473 

488 
503 
518 
532 
546 

673 
698 
623 
646 
669 

691 
712 
733 
753 
772 

810 
846 
881 
914 
946 

1019 
1091 
1158 
1221 



134 

189 
232 
267 
299 

328 
354 
378 
401 
423 

444 
463 
482 
500 
518 

536 
551 
567 
583 
598 

628 
656 
682 
708 
733 

756 
780 
803 
824 
846 

887 

926 

964 

1001 

1036 

1119 
1196 
1269 
1337 



154 
218 
268 
308 
346 

378 
408 
436 
464 
488 

612 
634 
556 
578 
698 

618 
636 
654 
672 
690 

724 
756 
788 
818 
846 

874 
900 
926 
952 
976 

1024 
1070 
1114 
1156 
1196 

1292 
1382 
1466 
1544 



173 
244 
299 
345 
386 

423 
457 
488 
618 
646 

673 
698 
623 
646 
669 

691 
712 
733 
753 
772 

810 
846 
880 
914 



•1 
•2 
•3 
•4 
•5 

•6 
•7 
•8 
•9 
10 

1-1 
1-2 
1-3 
1-4 
1-5 

1-6 
1-7 
1-8 
1-9 
2-0 

2*2 
2-4 
2-6 
2-8 



urru 

977 


3*2 


1007 


3*4 


1036 


3*6 


1063 


3*8 


1091 


40 


1145 


4*4 


1196 


4*8 


1246 


6*2 


1292 


5*6 


1338 


6*0 


1444 


7*0 


1544 


8*0 


1638 


9*0 


1727 


10-0 



ri« 1- 



tit- 2. 




rij. t. 



Fig. s. 




Fig. 8. 




Fig. 7. 



B&r.N.Spon.I.iindan&Btvrlor'k: 



Bate. 2. 



Pi|. 9 

Xevet liuve 




Fid. 10. 



XeveLJant 




Fig. 11. 




E &7.ir.Spon,Land0ii &B«irY&rlc 



Hate. 3. 



Tig, 14. 




4{f 



SO no wojzod Jid^ 



^^^^ 



Pig. 16, 



Tig. 17. 



^55555555^ 



Fig. 18. 



1555^555 



Fig. 15. 







£ &7.V. SpomlAsdoa ArBew-l&rikT 



Plate. 4. 




£ ttT.TS. Sjpon, 



I 




Fig. 28. 



E&ElJ'.3pon,l.onaon.*lfinpfY(Brk, 




Pig. *2. 



£&T.lI.^p<m.idndaii kHmr'TaiOi. 





n^ 



E ftP, H. £lpim.Londoii k HawTfo-k. 



1892. 

BOOKS RELATING 



TO 



APPLIED SCIENCE, 

PUBLISHED BY 

E. & R N. SPON, 

LONDON: 123, STRAND. 

NEW YORK : 12, CORTLANDT STREET. 



The Engineers^ Sketch-Book of Mechanical Move- 
ments, Devices, Appliances, Contrivances, Details employed in the Design 
and Construction of Machinery for every purpose. Collected from 
numerous Sources and from Actual Work. Classified and Arranged for 
Reference. Nearly 2000 Illustrations, By T. B. Barber, Engineer. 
Second Edition, 8vo, cloth, yj. 6^. 

A Pocket' Book for Chemists y Chemical Manufacturers^ 

Metallurgists^ Dyers, Distillers^ Brewers^ Sugar Refiners, Photographers^ 
Students, etc, etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana^ 
lytical and Consulting Chemist and Assayer. Fifth edition, 481 pp., 
royal 32mo, roan, gilt edges, 5x. 

Synopsis op Contents : 

Atomic Weights and Factors — Useful Data-~Chemical Calculations— Rules for Indirect 
Analysis— Weights and Measures— Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc. — Solubility of Substances— Methods of Obtaining Specific Gravity— Con- 
version of Hycbrometers — Strength of Solutions by Specific Gravity— Analysis— Gas Analysis — 
Water Analysis— Qualitative Analysis and Reactions— Volumetric Analysis — Manipulation — 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc. 

Electricity, its Theory, Sources, and Applications. 

By John T. Sprague, M. Inst. E.E. Third edition, thoroughly revised 
and extended, with numerous illustrations and tables, crown 8vo, cloth, 15J. 

Electric Toys. Electric Toy-Making, Dynamo Build- 
ing and Electric Motor Construction for Amateurs. By T. O'CoNOR 
Sloane, Ph.I>. With cuts, square i6mo, cloth, 4^. dd. 

The Phonograph, and How to Construct it. With a 

Chapter on Sound. By W. GiLLETT. With engravings and full working 
drawings, crown 8vo, cloth, 5^. 
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yiui Puhlishtdt in Demy 8w, chih, containing 975 >a/rx and 950 IllnsirationM, fric* 7*. 6d, 

SPONS' HOUSEHOLD MANUAL: 

A Treaaory of Domestio Seoeipts and Guide for Home ManAgemeni 

PRINCIPAL CONTENTS. 

Hints for seleotlnsr a prood Hoiue, pointing out the essential requirements for 
a good house as to the Site, Soil, Trees, Aspect, Construction, and General Arranj^ement ; 
with instructions for Reducing Echoes, Waterproofing Damp Walls, Curing Damp Cellars. 

Sanitation*— What should constitute a good Sanitary Arrangement ; Examples (with 
Illustrations) of Well- and Ill-drained Houses.; How to Test Drains ; Ventilating Pipes, etc. 

Water Supply-— Care of Cisterns ; Purees of Supply ; Pipes ; Pumps ; Purification 
and Filtration of Water. 

Ventilation and Warmingr. — Methods of Ventilating without causing cold 
draughts, by various means ; Principles of WWming ; Health Questions ; Combustion : Open 
Grates ; Open Stoves ; Fuel Economisers ; Varieties of Grates ; Close-Fire Stoves ; Hot-air 
Furnaces ; Gas Heating ; Oil Stoves ; Steam Heating ; Chemical Heaters ; Management o 
Flues ; and Cure of Smoky Chimneys. 

liifflltinflr. — ^The best methods of Lighting ; Candles, Oil Lamps, Gas, Incandescent 
Gas, Electric Light ; How to test Gas Pipes ; Management of Gas. 

Fnmitnre and Decoration.— Hints on the Selection of Furniture ; on the •mqst 
approved methods of Modem Decoration ; on the best methods of arranging Bells and Calls 
How to Construct an Electric Bell. 

TMeves and Fire. — ^Precautions against Thieves and Fire ; Methods of Detection 
Domestic Fire Escapes ; Fireproofing Clothes, etc. 

The Iiarder.— Keeping Food fresh for a limited time ; Storing Food without change, 
tuch as Fruits, Vegetables, Egg^, Honey, etc. 

Onrinff Foods for lengthened Preservation, as Smoking, Salting, Canning, 
Potting, Pickling, Bottling Fruits, etc. ; Jams, Jellies, Marmalade, etc. 

The Dairy.— The Building and Fitting of Dairies in the most approved modem style ; 
Butter-making ; Cheesemaking and Curing. 

The Cellar.— Building and Fitting ; Cleanine Casks and Bottles ; Corks and Corking ; 
ASrated Drinks ;^ Syrups for Drinks ; Beers ; Bitters ; Cordials and Liqueurs ; Wines ; 
Miscellaneous Drinks. 

The Pantry.— Bread-making ; Ovens and Pyrometers ; Yeast ; German Yeast ; 
Biscuits; Cakes ; Fancy Breads; Buns. 

The Blitchen. — On Fitting Kitchens ; a description of the best Cooking Ranges, dose 
and open ; the Management and Care of 'Hot Plates, Baking Ovens, Dampers, Flues, and 
Chimneys; Cooking by Gas; Cooking by Oil; the Arts of Roasting, Grilling, Boiling, 
Stewing, Braising, Frying. 

Beceipts for Dishes —Soups, Fish, Meat, Game, Poultry, Vegetables, Salads, 
Puddings, Pastry, Confectionery, Ices, etc., etc. ; Foreign Dishes. 

The Honsewife's Boom.— Testing Air, Water, and Foods ; Cleaning and Renovat- 
ing ; Destroying Vermin. 

Honsekeepiner, DCarketinsr. 

The DininflT-Boom.— Dietetics ; Laying and Waiting at Table : Carving ; Dinners, 
Breakfasts, Luncheons, Teas, Suppers, etc 

The Drawingr-Boom.- Etiquette; Dancing; Amateur Theatricals; Tricks and 
Illusions : Games (indoor). 

The Bedroom and Dressing-Room ; Sleep ; the Toilet ; Dress ; Buying Clothes ; 
Outfits ; Fancy Dress. 

The Nursery.— The Room; Clothing; Washing; Exerdse; Sleep; Feeding ; Teeth- 
ing ; Illness ; Home Training. 

The Siok-Boom.— The Room ; the Nurse ; the Bed ; Sick Room Accessories; Feeding 
Patients; Invalid Dishes and Drinks; Administering Physic ; Domestic Remedies; Accidents 
and Emergencies; Bandaging; Burns; Carrying Injured Persons ; Wounds ; Drowning; Fits 
Frost-bites; Poisons and Antidotes; Sunstroke; Common Complaints ; Disinfection, etc. 
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The Bath-Rooxn. — Bathing in General ; Management of Hot-Water System. 

'~ ^ The Xiaiindry. — Small Domestic Washing Machines, and methods of getting up linen 
Fitting up and Working a Steam Laundry. 

The School-Boom.— The Room and its Fittings ; Teaching, etc. 

The Playfirroxuid.— Air and Exercise; Training ; Outdoor Games and Sports. 

The Workroom.— Darning, Patching, and Mending Garments. 

The liibrary.— Care of Books. 

The Garden.'— Calendar of Operations for ^ Lawn, Flower Garden, and Kitchen 
Gfiurden. ^ • 

The Farmyard.— Management of the Horse, Cow, Pig, Poultry, Bees, etc., etc. 

Small ICotorSt-^-A description of the various small Engines useful for domestic 
puri>oses, from z man to z horse power, worked by various methods, such as Electric 
Engines, Gas Engines, Petroleum Engines, Steam Engines, Condensing Engines, Water 
Power, Wind Power, and the various methods of working and managing them. 

Household Iiaw.— The Law relating to Landlords and Tenants, Lodgers, Servants, 
Parochial Authorities, Juries, Insurance, Nuisance, etc 

On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.* Fcap. 8vo, sewed, 6d. 

A Handbook of Formulce^ Tables y and Memoranda, 

for Architectural Surveyors and others engaged in Building, By J. T. 
Hurst, C.E. Fourteenth edition, royal 32mo, roan, ^s, 

^"It is no disparagement to the many excellent publications we refer^to, to say that in our 
opinion this little pocket-book of Hurst's is the very best of them all, without any exception. 
It would be useless tjO attempt a recapitulation of the contents, for it appears to contain almost 
everything iHnaX anyone connected with building could require, and, best of all, made up in a 
compact form for carrying int&e pocket, measuring only 5 in. lay 3 in., and about f in. thidc, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received unqualified and deserved praise from every profes" 
sional person to whom we have shown \t,"—The Dublm Builder, 



Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel, and other information for the use of 
Naval Architects and Shipbuilders. By C. H. Jordan, M.LN. A. Fourth 
edition, 32010, dotb, 2x. dd, 

A Complete Set of Contract Documents for a Country 

Lodgey comprising Drawings, Specifications, Dimensions (for quantities). 
Abstracts, Bill of Quantities, Form of Tender and Contract, with Notes 
by J. Leaning, printed in facsimile of the original documents, on single - 
sheets fcap., in paper case, icxr. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. Wkh li^ plates. Sixth edition, crown 8vo, cloth, \2s, 6d. 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Sixthe^tion,with numerous illustrations, 
crown 8vo, cloth, 51. 
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Quantity Surveying. By J. Leaning. With 42 illus- 
trations. Second edition, revised, crown 8vo, doth, 9/. 

Contents : 



A completd Explanation of the London 

Pntctice* 
Genoral Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Eitamples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
ADstractmg, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 
Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BilL 
Variadons before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remaries on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon eadi Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Okl Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quandties. 
Examples of CoUecdons. 
Examples of " Taking Off** in each Trade. 
Remarks on the Past and Present Methods 

of Estimadng, 



Spans' Architects' and Builders' Price Book, with 

useful Memoranda, Edited by W. Young, Architect Crown 8vo, cloth, 
red edges, 3j. 6^. Published annually. Nineteenth edition. Now ready. 

Lang-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Plates, crown 8vo, 
cloth, 5j. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs. By August Rittkr, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt R.£. With 500 illustrations, 8vo, cloth, \^s. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re- written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with /fi plates and '1^0 wood engravings. Sixth 
edition, reprinted from the third, crown 8vo, cloth, 12s. 6d, 

Section I. On the Equality and Distribution of Forces — Section 17. Resistance of 
Timber— Section III. Construction of Floors— Section IV. Construction of Roofs — Sec- 
tion V. Construcdon of Domes and Cupolas— Section VI. Construction of Partitions^ 
Section VII. Scaffolds; Staging, and Gantries— Section VIII. Construction of Centres for 
Bridges— Section IX. Coffer^lams, Shoring, and Strutting— Section X. Wooden Bridges 
and Viaducts — Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, doth, ix. td. 
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Practical Gold-Mining: a Comprehensive Treatise 

on the Origin and Occurrence of Gold-bearing Gravels, Rocks and Ore& 
and the methods by which the Gold is extracted. By C. G. Warnfoku 
Lock, co- Author of * Gold : its Occurrence and Extraction.' With 8 plates 
and 275 engramngs in the text^ royal 8vo, cloth, 2/. 2j, 

Hot Water Supply : A Practical Treatise upon the 

Fitting of Circulating Apparatus in connection with Kitchen Range and 
other Boilers, to supply Hot Water for Domestic -and General Purposes. 
WiUi a Chapter upon Estimating. Fu/fy illustrated^ crown 8vo, cloth, 3; . 

Hot Water Apparatus: An Elementary Guide for 

the Fitting and Fixing of Boilers and Apparatus for the Circulation of 
Hot Water for Heating and for Domestic Supply, and containing a 
Chapter upon Boilers and Fittings for Steam Cooking. 32 illustrations^ 
fcap. 8vo, cloth, is, 6d, 

The Use and Misuse^ and the Proper and Improper 

Fixing qfa-Cooking Range, Illustrated^ fcap. 8vo, sewed, 6^?. 

Iron Roofs : Examples of Design, Description. Illus- 

trated with 64 Working Drawings of Executed Roofs, By Arthur T. 
Walmisley, Assoc. Mem. Inst. C.E. Second edition, revised, imp. 4to, 
half-morocco, 3/. 3/. 

A History of Electric Telegraphy y to the Year 1837, 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc. of Tel. Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, cloth, 9^. 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 
No. I, Ceylon. By Abraham Deane, C.E. 2s, 6d, 

Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade, and Natural History— Principal Stations — Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., r.R.C.1. With 
Map. y,6d. Contents: 

General Description of South Africa— Physical Geography with reference to Engineering 
Operations— Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa— Engineering Instruments for Use in South Africa— Principal 
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works, 
Bridjses, Gas Works, Irri^tion and Water Supdy, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildmgs, Mines— Table of woods m South Africa— Animals used for 
Draught Purposes— Statistical Notes— Table of Distances— Rates of Carriage, etc. 

Na 3. India. By F. C. Danyers, Assoc. Inst C.E. With Map. 41. 6d. 

Contents : 

'** Physical Geography of India— Building Materials— Roads— Railvrays— Bridges— Irriga- 
tion— River Works — Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Moneys-Weights and Measures— Glossary of Indian Terms, etc 
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Our Factories^ Workshops^ and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaitb, Assoc. 
Mem. Inst C.£. With 183 wood engravings^ crown Syo, doth, 9.r. 

A Practical Treatise on Coal Mining. By George 

G. Andr^, FXr.S., Assoc. Inst C.E., Member of .the Society of Engineers. 
With 82 lithographic plates. 2 vols., royal 4to, cloth, 3^^ I2s. 

A Practical Treatise on Casting and Foundings 

indnding descriptions of the modem machinery employed in the art By 
N. £. Spretson, Engineer. Fifth edition^ with 82 plates drawn to 
scale, 412 pp., demy Svo, doth, i8x. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, doth, i6x. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R.I.B.A. Third edition, fcap. 8vo, cloth, is, 6d, 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
WEST, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations^ crown Svo, doth, lar. 6^/. 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent ofCountyRoads 
for South Wales. Second edition, 8vo, cloth, *]s. 6d, 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery. By Frederick Colyer, M. Inst C.E., M. Inst M.E. 
With *ll plates, Svo, cloth, iSj. 

Pumps and Pumping Machinery. By F. Colyer, 

M.LC.E., M.I.M.E. Wiih T:'^ folding plates, Svo, doth, I2j. 6^. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part With ii large plates, Svo, doth, lis, 6d. 

A Treatise on the Origin, Progress, Prevention^ and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thouas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc. With 10 plates, crown Svo, doth, *is, 6d, 

The Artillery of the Future and the New Powders. 

By J. A. LoNGRiDGE, Mem. Inst. C.E. Svo, doth, Sj. 
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Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst C.E, IVi/A '^i folding plaies^ 
8vo, cloth, I2J. 6^. 

The Municipal and Sanitary Engineer s Handbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerate illustrations. Second edition, demy 8vo, cloth, 

15-^. 

Contents : 

The Appointment and Duties of the Town Surveyor— Traffic— Macadamised Roadways-— 
Steam Rolhng— Road Metal and Breaking — Pitched Pavements^Asphalte — ^Wood Pavements 
—Footpaths — Kerbs and'Gutter»-^Street Naming and Numbering— Street Lighting — Sewer- 
age—Ventilation of Sewers— Disposal of Sewage— House Drainage — Dbinfection— Gas and 
Water Comi>anies, etc.. Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers— Artizans' and Labourers' Dwellings— Public Conveniences— Scavenging, including 
Street Cleansing— Watering and the Removing of Snow— Planting Street Trees— Deposit of 
Plans — ^Dangerous Buildings— Hoardings— Obstructions— Improvmg Street Lines— Cellar 
Openings— Public Pleasure Grounds^-Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications,- and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By Sir G. L. Molesworth, 

M.I.C.E. 32mo, cloth, is, 6d, 

Contents. 

General— Linear Measures — Square Measures— Cubic Measures— Meastures of Capacity- 
Weights— Combinations— Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. DU' Moncel, Mem. de I'lnstitut de France. Translated from 
the French by C. J. Wharton. Crown 8vo, cloth, 4J. 6d, 

A Treatise on the Use of Belting for the Transmis- 
sion of Power. By J. H. Cooper. Second edition, illustrated^ Svo, 
cloth, 1 5 J. 

A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers. By Sir Guilford L. Molesworth, 
Mem. Inst. C.E. With numerous illustrations^ 744 pp. Twenty-second 
edition, 32mo, roan, 6s, 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Rioads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes— Sundry Machinery-^Animal Power— Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.- Weights, 
Measures, and Moneys-Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc.— Useful Numbers— Differentisu and Integral Calcu- 
lus— 'Algebraic Signs— Telegraphic Construction and Formulas. 
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Hints on Architectural Draughtsmanship. By G. W. 

TuxFORD Hallatt. Fcap. 8vo, doth, u. dd. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' * Hurst's Tredgold's Carpentry,' etc Eleventh 
edition, 64010, roan, gilt edges, \s, ; or in cloth case, ix. 6^. 
This work is printed in a pearl t^pe, tmd is so small, measuring only ai in. by if in. by 
i in. thick, that it may be easily earned in the wabtcoat pocket. 

" It is certainly an extremely rare thine for a reviewer to be called upon to notice a volume 
measuring but ai in. by z| in., vet these dimensions faithfully rmresent the size of the handy 
little book bdfore us. The volume— which contains zi8 printed pafi^ besides a few Uank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.*'— ^ntfVf/miif. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Variities and Constructive Adaptations, By Henry Rkid, 
Author of the ' Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and $ plates^ 8vo, cloth, 15^. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst C.E., crown 8vo, cloth, ^r. 6^/. 

Electricity as a Motive Power. By Count Th. Du 

MoNCEL, Membre de Tlnstitut de France, and Frank Geraldy, Inge- 
nieur des Ponts et Chauss^es. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc. Soc. TeL Eng. and Elec With 113 engravings 
and diagrams^ crown 8vo, cloth, 7/. (>d. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. GusTAV Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated^ 8vo, cloth, I2x. 6d. 

The French' Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, td. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries. By P. L. SiMMONDS. Crown 8vo, doth, 41. 6</. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Major Royal Engineers. With 112 illustrations^ 
Second edition, 4to, doth, 12s. 6d, 
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Dynamo Tenders^ Hand-Book. By F. B. Badt, late 

1st Lieut Royal Prussian Artillery. With *io illustrations* Third edition, 
iSmOy cloth, 4x. td. 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., togeUier with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.£. Second 
edition, with 21 plates * 2 vols., cloth, lar. 6d. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, cloth, 5x. 

A Practical Treatise on the Manufacture and Distri^ 

bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 2<) plates^ cloth, 2Sj. 

Synopsis of Contents : 

Introduction— Hbtory of Gas L^hting— Chemistrv of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.^!loal. with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, £sqrs.^Retorts, Iron and Clay— Retort Setting — Hydraulic Main— Con- 
densers ^Ejcnausters— Washers smd Scrubbers— Purifiers— Purification — History of Gas 
Holder^ Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron^ Specifications— Gas Hol<iers^ Station Meter— Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £s<^.— 
Services— Consumers' Meters— Regulators— Burners— Fittings— Photometer^-Carburization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas— Influence of Atmospheric Pressure and^ Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the ' Cultur-Ing^nieur,' by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, doth, I2J. fid. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, we^ht, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, doth, 31. 

Tim Describing the Chief Methods of Mining, 

Dressing and Smdting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. Withplates^ 8vo, doth, I2x. 6^. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.£. With illustraHons^ 8vo, cloth, y, 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Ninth edition, 
nunurous plates^ post 8vo, cloth, 5/. 

The Essential Elements of Practical Mechanics; 

based on the Principle of fVorh, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 tuood engravings^ post 8vo, cloth, 
^s, 6d. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies--Chap. 4. The Transmission of Work by 
simple Machines — Chap. 5. Useful Propositions and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. CoLYER, M.I.C.E., 
M.I.M.E. With 20 p/ateSf 8vo, cloth, 12s, 6d. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloth, 12s, 6d, 

A Practical Treatise on Mill-gearingy Wheels, Shafts, 

Rigg^s^ ^c,i for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown Svo, cloth, 7x. fid. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G, G. 
Andr^, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J-. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railway s. Canals, 

Roads, etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. illustrated 32mo, cloth, 2J. 6</. 
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Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men. 'By W. Perren 
Maycock, Assoc. M. Inst. E.E., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rules and Regulations 
to be observed in Electrical Installation Work. Second edition. Royal 
32mo, roan, gilt edges, 41. 6^., or cloth, red edges, y. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andrib, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, qj*. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems — ^Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points— ^Scales — Plotting 
— Civil Engineers' and Surveyors* Plans— Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formulae, etc, etc. 

The Boiler-maker s andiron Ship-builders Companion^ 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andri^, 
F.G.S., Assoc. Inst. C.E, With 56 illustrations and 12 plates, 8vo, cloth, 
lOf. (id. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., 8vo, cloth, i^s, 

A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R, Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 31. 

Laxtofis Builders^ and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5J-. 

Laxtons Builders and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egjrpt. With 
Introduction b^ Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. Wtth numerous lithographs and wood engravings^ royal 8voy 
doth, i/. i6j. 

Screw Cutting Tables for Engineers and Machinists^ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc Cloth, oblong, 2s, 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer* 
Second edition, oblong, cloth, u., or sewed, dd, 

A Treatise on a Practical Method of Designing Slide- 

Vahe Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; togedier with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch^ 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, td, 

A Glossary of Terms used in Coal Mining. By 

William Stukelky Gresley, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams^ crown 8vo, cloth, 51. 

A Pocket-Book for Boiler Makers and Steam Users , 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E,, Assoc. S.T.E. With engravings, 
8vo, cloth, 9J. 
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Barlow* s Tables of Squares^ Cubes^ Square RootSy 

Cube Roots^ Reciprocals of all Integer Numbers up to io,ooa Post Svo, 
cloth, (is, 

A Practical Treatise on the Steam Engine^ con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates ^ in one Volume, half-bound morocco, 2/. 2^.; 
or cheaper edition, cloth, 25J. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam En^nes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
&eat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium . 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection wiU be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Ai>pjying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc.^ with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates^ with illustrations 
and tables^ royal 8vo, cloth, I2J. 6^. 

Principal Contents : 

Part X. Introduction and the Principles of Geometry. Part s. Land Surveying; com- 

Sising General Observations— The Cham— Offsets Surveying by the Chain only—Surveying 
iUy Ground— To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite— Mining and Town Surveying — Railroad Surveying— Map^g— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Fart 3. Levelling— 
Simple and Compound Levelling-^The Level Book— -Parliamentary Plan and Section-^ 
Levelling with a Theodolite— Gradients— Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities eenerally for Estimates— Cuttings and 
Embankments — ^Tunnels— Brickworic— Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting—The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier- Panta- 
grai^— Merrett's ImprovMl Quadrant— Improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers ^ L(%arithmic Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co-Sines— ^Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc 

Mechanical Graphics. A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc, F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. Svo, 
cloth, 6x. 
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The Assayers Manual i an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations ^ Svo, cloth, \2s, 6d. 

Dynamo ' Electric Machinery: a Text -Book for 

Students of Electro-Technology.. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. [New edition injhe press. 

The Practice of Hand Turning in Wood, Ivory ^ Shell, 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis C ampin. 
Third edition, vnth wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tools— Turning Wood — ^Drilling^Screw Cutting— Miscellaneous 
Appaxatus and Processes— Turning Particular Forms— Staining— Polishing— Spinning Metals 
—Materials— Ornamental Tinning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations^ crown 
Svo, cloth, 6s, 6d. 

CONTENTS : 

Definitions of Words and Terms used in Watchwork— Tools — Time— 'Historical Sum- 
mary " On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up—The Verge — ^The Horizontal— The Duplex— The Lever— The Chronometei^— Repeating 
Watches— Keyless Watches— 'The Pendulum, or Spiral Spring— Compensation— Jewelling of 
Pivot Holes— Qerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of 'A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity^ 
Positive and Negative Quantities — Multiplication— Involution— Exponents — Negative £xi)o- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 
and Proportionate Parts— 'Transformation of System of Logarithms — Common Uses of 
Common Logarithms— Compound Multiplication and the Binomial Theoretn— Division, 
Fractions, and Ratio — Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations — ^List of Formulae, etc. 

Sponi Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vc^ 
in S divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5/. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. \%s» 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2f. (>d. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustraiions and 24 plates of 
Working Drawings, Crown 8vo, cloth, 9J. 

Proceedings of the National Conference of Electricians^ 

Philadelphia^ October 8th to 13th, 1884. i8mo, cloth, 3^. 

Dynamo - Electricity^ its Generation, Application, 

Transmissi9n, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations, 8yo, cloth, i/. is. 

Domestic Electricity for Amateurs, Translated from 

the French of E. Hospitalier, Editor of "LElectricien,'* by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations* Demy 8vo, 
cloth, 6j. 

Contents : 

X. Production of the Electric Current'-a. Electric Bells— 3. Automatic Alarms — 4. Domestic 
Telephones — 5. Electric Clocks — 6. Electric Lighters — 7. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light — 9. Electric Motors— zo. Electrical Locomo- 
tion — II. Electrotyping, Plating, and Gilding— xa. Electric Recreations — 13. Various appli- 
cations—Workshop of the Electrician. 

' Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2s, dd. 

Contents : 

X. The Electric Current and its production by Chemical means— 9. Production 'of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines — 4. Electric Lamps^ 
5. Lead— 6. Ship Lighting. 

Foundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Building Stones and Bricks, Pier and Wall 
construction. Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 i7//.j- 
trations. By G. T. Powell and F. Bauman. 8vo, cloth, icxr. 6^. 

Manual for Gas Engineering Students. By D. Lee. 

l8mo, cloth, \s. 
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Telephones^ their Construction and Management. 

By F. C. Allsop. Crown 8vo, doth, Sj. 

Hydraulic Machinery^ Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst C.E. Folding plate. 8vo, sewed, i j. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, I2s, 6d. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8yo, sewed, 5/. ^ 

Bad Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y. 6d. 

Well Sinking. The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc Mem. Inst C.E., Mem. Soc. Eng., and of the 
Franklin Inst, etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, iQr. 6d. 

The Voltaic Accumulator : an Elementary Treatise. 

By 6milb Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
lVt//i 62 illustrations, 8vo, cloth, 9^. 

Ten Years Experience in Works of Intermittent 

Do7vnward Filtration, By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, cloth, 5^. 

Land Surveying on the Meridian and Perpendicular 

System. By William Penman, C.K 8vo, cloth, %s. 6d. 

The Electromagnet and Electromagnetic Mechanism. 

By SiLVANUS p. Thompson, D.Sa, F.R.S. Second edition, 8vo, 
cloth, 15X. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st Lieut Royal Prussian Artillery. With 41 illustrations and 
5 tables, iSino, cloth, 4J. 6</. 

A Pocket-book for Pharmacists^ Medical Prac- 
titioners^ Students^ etc.^ etc, (British, Colonial, and American). By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists,' 'The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc. 
Royal 32mo, boards, gilt edges, 6s, 

The Fireman's Guide ; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.£. Second 
edition. Fcap. 8yo, cloth, 2s, 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; description of Hand and Machine 
Processes ; Turning and Screw Cutting. By Cameron Knight, 
Engineer. Containing 1 147 illustrations, and 397 pages of letter-press. 
Fourth edition, 4to, doth, i&r. 

A Treatise on Modem Steam Engines and Boiler s^ 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colybr, M. Jjist. C.E., Mem. Inst M.E. 
With 2,6 plates. 4to, cloth, 12s, 6d. 

CaNTBNTS : 

I. Introduction — 3. Original Engines— 3. Bdlers— 4. Hi^h-Pressure Beam EngineS'-s. 
Cornish Beam Engines— 6. Horizontal Engines — 7. Osciilatmg Engines — 8. Vertiod High- 
Pressure Engines— 9. Special Engines^— zo. Portable Engines — zx. Locomotive Engines— 
za. Marine Engines. 

Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst. 
C.E., Mem. Inst M.E. New edition, iSmo, doth, 3^. dd. 

Aid Book to Engineering Enterprise. By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Worlcs, Parlia- 
mentaxy Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Conmierce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, 2ix. 
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Pumps^ Historically^ Theoretically, and Practically 

Considered, By P. R. BjoRLiNG. With 156 illustrations. Crown 8vo, 
cloth, *js,(id. 

The Marine Transport of Petroleum, A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the * Liverpool Journal of Commerce.' Crown 8vo, cloth, lOf. 6</. 

Liquid Fuel for Mechanical and Industrial Purposes, 

Compiled by E. A. Brayley Hodgetts, With wood engravings, 
8vo, cloth, 7j. (id. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. Simmonds, F.L.S., F.R.C.I. New 
edition, revised and enlarged, 8vo, cloth, 21s, 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, Svo, cloth, *js. 6d, 

Losses in Gold Amalgamation, With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield, Svo, cloth, 5j. 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V. HosKicER, Royal Danish Engineers. Third edition, crown 
Svo, cloth, 4J. dd. 

The Hydraulic Gold Miner i Manual, By T. S. G. 

KiRKPATRiCK, M.A. Oxon. With 6 plates. Crown Svo, cloth, 6j. 

*' We venture to think that this work will become a text-book on the important subject of 
which it treats. Until comparatively recently hydraulic mines were neglected. This was 
scarcely to be surprised at, seeing that their working in California was brought to an^ abrupt 
termination by the action of the farmers on the dibris question, whilst their working in other 
parts of the world had not been attended with the anticipated success."— TA* Minin£ World 
and En£interin£ Record, 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown Svo, cloth, lor. 6d, 
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The Arithmetic of Electricity. By T. O'Conor 

Sloane. Crown 8vo, cloth, 4r. td. 

The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. fVifk 
plans and sections, 8vo, cloth, 6j. 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c., &c. By ToHN Newman, Assoc. Mem. Inst. C.E., Author 
of * Notes on Concrete, &c. Crown 8vo, cloth, 7J. 6d. 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Phjrsics, &c.. City 
and Guilds of London College, Finsbury, Assoc. Mem. Inst. C.E., &c. 
Numerous illustrations, Svo, cloth, 14^. 

Waterways and Water Transport in Different Coun- 
tries, With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy,' * Railway, Problems,' &c. Numerous illustrations, Svo, 
cloth, 14J. 

A Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine, 
By Charles T. Porter. Fourth Edition, revised and enlarged, Svo, 
cloth, 9J. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. i. 
Of Truth in the Diagram. 
Description of the luchards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by the Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Diapjam^and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which this is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty 01 Boilers. 

Introductory. 

Of the Pressure on the Crank when the Con- 
nectine>rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned^ by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmitting Parts of an Engine, con- 
sidered as an Equaliser of Motion. 

A Ride on a 6uffer*beam (Appendix). 
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In demy 4to, handsomely bound in cloth, illustrated with flflO full page plates ^ 

Price iSj. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A COMPLETE WORK ON THE DETAILS AND ARRANGEMENT 
OF BXTILDINa CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing too Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

The Details and Designs are Drawn to Scale^ J", J", J", and Full size 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



Spaimen Paget, reductd/rem the eriginali. 




22 



CATALOGUE OF SCIENTIFIC BOOKS 



Crown 8vo, cloth, with illustrations, Sj. 



WORKSHOP RFXEIPTS. 

FIRST SERIES. 



By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils, 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. j 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, ' 
and Pastes. ' 

Gilding. I 

Glass Cutting, Cleaning, i 
Frosting, Drilling, I 
Darkening, Bending, ' 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. . 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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Crown 8vo, cloth, 485 pages, with illustrations, 5/. 

WORKSHOP RECEIPTS, 

SECOND SERIES. 



By ROBERT HALDANE. 



Acidimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery, 
Copying. 



Synopsis of Contents. 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Faint, and Fainting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, caeruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, (&iers, grinding, storing, applying, priming, dr3dng, 
filling, coats, brushes, surface, water-colours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, vamishing, importance of washing vehicles, re- varnishing, 
how to dry paint ; woodwork painting). 
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WORKSHOP RECEIPTS. 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



'Uniform with the First and Second Series. 



Synopsis of Coxtents. 



Alloys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


Cobalt 


Mica. 


Tm. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium, 


Gold. 


Rhodium. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 

200 Dlnitrationf , with Complete Index, and a General Index to the 

Fonr Series, 5t. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneoas 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes: 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious^ 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — ^water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electro typing. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc 

Musical Instruments — the preservation, tuning, and repair of pianos, 
harmoniums, musical boxes, etc. ^ 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recip^ for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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WORKSHOP RECEIPTS. 

FIFTH SERIES. 

By C. G. WARNFORD lock, F.L.S. 



Containing many new Articles, as well as additions to Articles included in 

the previous Series, as follows, viz. : — 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smiths* Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping, 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 
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NOAV COMPLETE. 

fVi^ nearly 1500 illustroHons^ in super-royal 8yo, in 5 Divisions, cloth. 
Divisions I to 4, \y. 6d, each ; Division 5, 171. 6</. ; or 2 vols., cloth, ^3 loix. 

SPONS' ENCYCLOPEDIA 



OPTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 ngs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, IS pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
DyestufTs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
FocS Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manu&ctures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 11 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 ngs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 2X figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfiunes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

. 20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 10 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39, 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, ISS pp. 134 

ngs. 
Sidphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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MECHANICAL MANIPULATION. 



THE MECHANICIAN: 

A TREATISE ON THE CONSTRUCTION AND MANIPULATION OF TOOLS, 

FOR THE USE AND INSTRUCTION OF YOUNG EN6INEERS 

AND SCIENTIFIC AMATEURS; 

Comprising the Arts of Blacksmithing and Forging ; the Construction 

and Manufacture of Hand Tools, and the various Methods of Using 

and Grinding them ; the Construction of Machine Tools, and 

how to work them ; Turning and Screw-cutting ; the 

various details of setting out work, &c., &c. 

By CAMERON KNIGHT, Engineer. 

96 4to plates, containing 1147 illustrations, and 397 pages of 
letterpress, second edition, reprinted from the first, 4to, clothe 18s. 



Of the six chapters constituting the work, the first is devoted to forging ; in 
which the fnndamental principles to he ohserved in making forged articles of 
every class are stated, giving the proper relative positions for the constituent 
fibres of each article, the mode of selecting proper quantities of material, steam- 
hammer operations, shaping-moulds, and the manipulations resorted to for 
shaping the component masses to the intended forms. 

Engineers' tools and their construction are next treated, because they must 
be used during all operations described in the remaining chapters, the author 
thinking that the student should first acquire knowledge of the apparatus which 
he is supposed to be using in the course of the processes given in Chapters 4, 
5, and 6. In the fourth chapter planing and lining are treated, because these 
are the elements of machine-making in general. The processes described in 
this chapter are those on which all' accuracy of fitting and finishing depend. 
The next chapter, which treats of shaping and slotting, the author endeavours 
to render comprehensive by giving the hand-shaping processes in addition to 
the machine-shaping. 

In many cases hand-shaping is indispensable, such as sudden breakage, 
operations abroad, and on board ship, also for constructors having a limited 
number of machines. Turning and screw-cutting occupy the last chapter. In 
this, the operations for lining, centering, turning, and screw-forming are 
detailed and their principles elucidated. 

The Mechanician is the result of the author's experience in engine making 
during twenty years ; and he has concluded that, however retentive the memory 
of a machinist might be, it would be convenient for him to have a book of 
primary principles and processes to which he could refer with confidence. 
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6x. 

SP0N8' 

MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, jembracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building-^Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead andp^right, on various groimds— Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead ^^ing — Plastering and 
Whitewashing— Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. . . . 

E. & F. N. SPON, 126, Strand, London. 

New York : 12, Gortlandt Street. 
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CIVIL, HECHANICAL, MILITABT, ft HAVAL, 



WITH 



Teohnioal Terms in French, German, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 u. each, 
post free ; Nos. 96, 97, 2J., post free. See also page 112. 



Complete List of all the Subjects : 



Abacus •• 

Adhesion .. .. .. 

A£;riculiursd Engines 

Air-Chamber 

Air- Pump 

Algebraic Signs 

Alloy 

Aluminium •• ^ 

Amalgamating Machine . . 
Ambulance .. 

Anchors .. .* 
Anemometer 
Angular Motion .. 
Angle-iron.. .. •• 
Angle of Friction . . 
Animal Charcoal Machine 
Antimony, 4; Anvil 
Aqueduct, 4 ; Arch 
Archimedean Screw 
Arming Press .. •. 
Armour, 5 ; Arsenic 
Artesian Well 

Artillery, 5 and 6 ; Assaying 
Atomic Weights .. 
Auger, 7; Axles .. 
Ba&nce, 7 ; Ballast 
Bank Note Machinery .. 
Bam Machinery .. •• 
Barker's Mill 
Barometer, 8; Barracks •• 



Nos. 
.. I 
.. I 

1 and 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 

2 and 3 

3 and 4 
.. 3 



.. 3 

.. 4 

.. 4 

.. 4 

.. 4 

4 and 5 

.. 5 

.. 5 
.. 6 

6 and 7 

.. 7 
.. 7 

.. 7 

7 and 8 

.. 8 
.. 8 



Barrage .. 

Battery 

Bell and Bell-hanging 

Belts and Belting . . 

Bismuth .. ,. 

Blast Furnace .. 

Blowing Machine 

Body Plan.. 

Boilers 

Bond .. .. 

Bone Mill.. 

Boot-making Machinery . . 

Boring and Blasting 

Brake .. .. ., 

Bread Machine . . 

Brewing Apparatus 

Brick-making Machines .. 

Bridges 

Buffer 

Cables 

Cam, 29 ; Canal . . 



Nos. 

8 and 9 

9 and 10 

.. 10 

10 and II 
.. II 

11 and 12 
.. 12 

12 and 13 

I3» 14, 15 
15 and 16 

.. 16 

.. 16 

16 to 19 

19 and 20 
.. 20 

20 and 21 
.. 21 

21 to 28 

.. 28 

.. 28 and 29 

29 



Candles .. .. ..29 and 36 

Cement, 30 ; Chimney .. ..30 

Coal Cutting and Washing Ma- 
chinery .. ,, ., .. 31 
Coast Defence .. ., 31,32 
Compasses.. ., .. ..32 

Construction .. ..32 and 33 

Cooler, 34; Copper .. ..34 

Cork-cutting Machine ,, ..34 
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Nos. 


Corrosion ,, 


.. 34 and 35 


Cotton Machinery 


.. 35 


Damming .. 


.. 35 to 37 


Details of Engines 


.. 37, 38 


Displacement 


.. 38 



Distilling Apparatus . . 38 and 39 
Diving and Diving Bells . . 39 

Docks .. .. ..39 and 40 

!prainage .. .. ..40 and 41 

Drawbridge .. .. ..41 

Dredging Machine .. ..41 

Dynamometer .. .. 411043 

Electro-Metallurgy ., 43* 44 

Engines, Varieties .. 44* 45 

Engines, Agricultural .. i and 2 
Engines, Marine .. ., 74, 75 
Enginesj Screw .. .. 89, 90 

Engines, Stationary .. 9i> 92 
Escapement .. .. 45, 46 

Fan • .. 46 

File-cutting Machine .. ..46 

File-arms .. .. ^. 46, 47 

Flax Machinery .. .. 47,48 

Float Water-wheels .. ..48 

Foi^ng 48 

Founding and Casting .. 48 to 50 
Friction, 50 ; Friction, Angle of 3 
Fuel, 50; Furnace .. 50, 51 
Fuze, 51 ; Gas .. .. .. 51 

Gearing .. *. .. 51, 52 
Gearing Belt .. .. 10, 11 

Geodesy $2 and 53 

Glass Machinery .. .. •• 53 

Gold, 53, 54; Governor.. .. 54 

Gravity, 54 ; Grindstone .. 54 

Gun-carriage, 54 ; Gun Metal . . 54 
Gunnery .. .. .. 541056 

Gunpowder .. .. ** $6 

Gun Machinery ., .. 56,57 
Hand Tools .. .. 57, 58 

Hanger, 58; Harbour .. ..58 

HauEige, 58, 59; Hinging .. 59 
Hydraulics and Hydraulic Ma- 
chinery .. .. ,. 591063 

Ice-making Machine .. ..63 

India-rubber .. .. ..63 

Indicator .* .. ..63 and 64 

Injector .. .. .. •• 64 

Iron .. .. .. 64 to 67 

Iron Ship Building .. ..67 

Irrigation .. .. ..67 and 68 



Nos. 
Isomorphism, 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 . 
Kiln, 69 ; Knitting Machine .. 69 
Kyanising .. .. .. .. 69 

Lailjp, Safety ,, „ 69, 70 

Lead .. •• •. ,, Jo 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons .,71 and 72 
Limes, Mortars, and Cements .. 72 
Locks and Lock Gates .. 72,73 
Locomotive .. ,. ..73 

Machine Tools .. .. 73, 74 . 

Manganese .. .. ..74 

Marine Engine . . . . 74 and 75 

Materials of Construction 75 and 76 
Measuring and Folding . . . . 76 

Mechanical Movements . . 76, 77 
Mercury, 77 ; Metallurgy .. 77 

Meter 77, 78 

Metric System .. ,. ..78 

Mills .. .. .. 78, 79 

Molecule, 79 ; Oblique Arch .. 79 
Ores, 79,80; Ovens .. ..80 

Over-shot Water-wheel .. 80, 81 
Paper Machinery . . .. .,81 

Permanent Way ,. .. 81,82 
Piles and Pile-driving . . 82 and 83 
Pipes .. .. .. 83, 84 

Planimeter .. .. ..84 

Pumps . . . . . . 84 and 85 

Quarrying 85 

Railway Engineering .. 85 and 86 
Retaining Walls .. .. ..86 

Rivers, 86, 87; Rivetted Joint .. 87 

Roads 87, 88 

Roofs .. .. •• 88, 89 
Rope-making Machinery . . 89 

Scaffolding 89 

Screw Engines .. .. 89,90 
Signals, 90; Silver .. 90, 91 

Stationary Engine .. 91, 92 

Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments .. •• .. 93, 94 
Tel^aphy ,. .. 94, 95 

Testing, 95 ; Turbine .. ..95 
Ventilation .. 95, 96, 97 

Waterworks ., ,, 96, 97 

Wood-vrorking Machinery 96, 97 
Zinc .. .. .. 96, 97 
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Abacus, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and 


Indicators, and Slide 


Coal Cutting Machines. 


Beacons. 


Rule. 


Coke Ovens. Copper. 


Machine Tools. 


Agricultural Implements 


Docks. Drainage. 


Materials of Construc- 


and Machinery. 


Dredging Machinery. 


tion. 


Air Compressors. 


Dynamo - Electric and 


Meters. 


Animal Charcoal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and 


chinery. 


chines. 


Processes employed to 


Antimony. 


Dynamometers. 


Dress. 


Axles and Axle-boxes. 


Electrical Engineering, 


Piers. 


Bam Machinery. 


Telegraphy, Electric 


Pile Driving. 


Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis- 


Blasting. Boilers. 


ticaldetails,Telephones 


sion. 


Brakes. 


Engines, Varieties of. 


Pumps. 


Brick Machinery. 


Explosives. Fans. 


Pyrometers. 


Bridges. 


Founding, Moulding and 


Road Locomotives. 


Cages for Mines. 


the practical work of 


Rock Drills. 


Calculus, Differential and 


the Foundry. 


Rolling Stock. 


Integral. 


Gas, Manufacture of. 


Sanitary Engineering. 


Canals. 


Hammers, Steam and 


Shafting. 


Carpentry. 


other Power. 


Steel. 


Cast Iron. 


Heat. Horse Power. 


Steam. Navvy. 


Cement, Concrete, 


Hydraulics, 


Stone Machinery. 


Limes, and Mortar. 


Hydro-geology. 


Tramways. 


Chimney Shafts. 


Indicators. Iron. 


WeU. Sinking. 


Coal Cleansing and 


Lifts, Hoists, and Eleva- 




Washing. 


tors. 
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